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A B S T R A C T

Background

Survival rates have greatly improved as a result of more e,ective treatments for childhood cancer. Unfortunately, the improved prognosis
has been accompanied by the occurrence of late, treatment-related complications. Liver complications are common during and soon
a-er treatment for childhood cancer. However, among long-term childhood cancer survivors, the risk of hepatic late adverse e,ects is
largely unknown. To make informed decisions about future cancer treatment and follow-up policies, it is important to know the risk of,
and associated risk factors for, hepatic late adverse e,ects. This review is an update of a previously published Cochrane review.

Objectives

To evaluate all the existing evidence on the association between antineoplastic treatment (that is, chemotherapy, radiotherapy involving
the liver, surgery involving the liver and BMT) for childhood cancer and hepatic late adverse e,ects.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL) (The Cochrane Library 2018, Issue 1), MEDLINE (1966 to January
2018) and Embase (1980 to January 2018). In addition, we searched reference lists of relevant articles and scanned the conference
proceedings of the International Society of Paediatric Oncology (SIOP) (from 2005 to 2017) and American Society of Pediatric Hematology/
Oncology (ASPHO) (from 2013 to 2018) electronically.
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Selection criteria

All studies, except case reports, case series, and studies including fewer than 10 patients that examined the association between
antineoplastic treatment for childhood cancer (aged 18 years or less at diagnosis) and hepatic late adverse e,ects (one year or more a-er
the end of treatment).

Data collection and analysis

Two review authors independently performed the study selection and 'risk of bias' assessment. The 'risk of bias' assessment was based
on earlier checklists for observational studies. For the original version of the review, two review authors independently performed data
extraction. For the update of the review, the data extraction was performed by one reviewer and checked by another reviewer.

Main results

Thirteen new studies were identified for the update of this review. In total, we included 33 cohort studies including 7876 participants
investigating hepatic late adverse e,ects a-er antineoplastic treatment (especially chemotherapy and radiotherapy) for di,erent types of
childhood cancer, both haematological and solid malignancies. All studies had methodological limitations. The prevalence of hepatic late
adverse e,ects, all defined in a biochemical way, varied widely, between 0% and 84.2%. Selecting studies where the outcome of hepatic
late adverse e,ects was well-defined as alanine aminotransferase (ALT) above the upper limit of normal, indicating cellular liver injury,
resulted in eight studies. In this subgroup, the prevalence of hepatic late adverse e,ects ranged from 5.8% to 52.8%, with median follow-up
durations varying from three to 23 years since cancer diagnosis in studies that reported the median follow-up duration. A more stringent
selection process using the outcome definition of ALT as above twice the upper limit of normal, resulted in five studies, with a prevalence
ranging from 0.9% to 44.8%. One study investigated biliary tract injury, defined as gamma-glutamyltransferase (γGT) above the upper limit
of normal and above twice the upper limit of normal and reported a prevalence of 5.3% and 0.9%, respectively. Three studies investigated
disturbance in biliary function, defined as bilirubin above the upper limit of normal and reported prevalences ranging from 0% to 8.7%.
Two studies showed that treatment with radiotherapy involving the liver (especially a-er a high percentage of the liver irradiated), higher
BMI, and longer follow-up time or older age at evaluation increased the risk of cellular liver injury in multivariable analyses. In addition,
there was some suggestion that busulfan, thioguanine, hepatic surgery, chronic viral hepatitis C, metabolic syndrome, use of statins, non-
Hispanic white ethnicity, and higher alcohol intake (> 14 units per week) increase the risk of cellular liver injury in multivariable analyses.
Chronic viral hepatitis was shown to increase the risk of cellular liver injury in six univariable analyses as well. Moreover, one study showed
that treatment with radiotherapy involving the liver, higher BMI, higher alcohol intake (> 14 units per week), longer follow-up time, and
older age at cancer diagnosis increased the risk of biliary tract injury in a multivariable analysis.

Authors' conclusions

The prevalence of hepatic late adverse e,ects among studies with an adequate outcome definition varied considerably from 1% to 53%.
Evidence suggests that radiotherapy involving the liver, higher BMI, chronic viral hepatitis and longer follow-up time or older age at follow-
up increase the risk of hepatic late adverse e,ects. In addition, there may be a suggestion that busulfan, thioguanine, hepatic surgery,
higher alcohol intake (>14 units per week), metabolic syndrome, use of statins, non-Hispanic white ethnicity, and older age at cancer
diagnosis increase the risk of hepatic late adverse e,ects. High-quality studies are needed to evaluate the e,ects of di,erent therapy doses,
time trends, and associated risk factors a-er antineoplastic treatment for childhood cancer.

P L A I N   L A N G U A G E   S U M M A R Y

Adverse e�ects on the liver a�er treatment for childhood cancer

Review question

We reviewed the evidence for the e,ects of treatment for childhood cancer on the risk of adverse e,ects on the liver.

Background

Advances in the treatment of childhood cancer over the last decades have greatly improved the survival rates. Unfortunately, the improved
prognosis has been accompanied by the occurrence of late, treatment-related complications. One of the adverse e,ects that can occur
due to treatment of childhood cancer is damage to the liver. Liver adverse e,ects are common both during and soon a-er treatment.
However, the evidence on adverse e,ects on the liver many years a-er treatment is still inconclusive. Adverse e,ect on the liver as a result
of childhood cancer treatment is most o-en subclinical (asymptomatic). If liver disease becomes symptomatic, a person's complaints may
include fatigue, jaundice, nausea, weight loss, and abdominal pain. The development of future treatment and follow-up policies should
be based on high-quality evidence on the risk of, and associated risk factors for, adverse e,ects on the liver.

Study characteristics

The evidence is current to January 2018.

We found 33 cohort studies examining liver adverse e,ects a-er treatment for childhood cancer. There were 7876 cancer patients included
that were treated for di,erent types of childhood cancer, especially with chemotherapy, radiotherapy, and bone marrow transplantation.
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The average follow-up duration in the studies that reported this varied from two years a-er the end of treatment to 25 years since primary
cancer diagnosis.

Key results

We found that 1% to 53% of the childhood cancer survivors developed adverse e,ects on the liver a-er cancer treatment, measured by
liver enzymes in the blood. Radiotherapy to the liver increases the risk of liver late adverse e,ects. In addition, busulfan, thioguanine, or
liver surgery may increase the risk as well. Also, survivors with chronic viral hepatitis, metabolic syndrome, higher body mass index, higher
alcohol intake, statin use, non-Hispanic white ethnicity, longer time since cancer diagnosis, and older age at cancer diagnosis seemed to
have an increased risk of liver adverse e,ects.

Quality of the evidence

All studies had problems related to the quality of the evidence.
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B A C K G R O U N D

Survival rates have greatly improved as a result of more e,ective
treatments for childhood cancer. Today, most children diagnosed
with cancer are expected to become long-term cancer survivors
(Curry 2006). Five-year disease-free survival now reaches 80% in
Europe (Gatta 2009). Unfortunately, the improved prognosis has
been accompanied by the occurrence of late, treatment-related
complications. In two large cohort studies of childhood cancer
survivors, nearly 75% experienced one or more late adverse e,ects
(Geenen 2007; Oe,inger 2006).

Liver complications are common during and soon a-er treatment
for childhood cancer (Field 2008). However, among long-term
childhood cancer survivors the prevalence of chronic liver disease,
like fibrosis, cirrhosis and consequently an increased risk of
decompensated cirrhosis, malignancies and liver failure, is largely
unknown. It has been suggested that survivors of childhood
cancer who received chemotherapy, particularly methotrexate,
6-mercaptopurine, 6-thioguanine, busulphan and dactinomycin;
bone marrow transplantation (BMT); radiotherapy involving the
liver, including total body irradiation (TBI); or hepatectomy
((partial) removal of the liver) are at risk for developing hepatic late
adverse e,ects (Bresters 2008; Castellino 2010; Dawson 2005; King
2001). However, the evidence has been inconclusive.

The aetiology (set of causes) of chronic liver disease following
treatment for childhood cancer is complex as o-en more than
one aetiologic factor is present. In addition to cancer treatment,
other causes of chronic liver disease have been suggested, such
as chronic viral hepatitis, iron overload, and potentially sinusoidal
obstruction syndrome (SOS, previously termed veno-occlusive
disease (VOD)) and gra--versus-host disease (GVHD) (Locasciulli
1997; Rizzo 2006; Strasser 1999). Regarding chronic viral hepatitis,
patients who were treated for childhood cancer before e,ective
hepatitis C virus (HCV) donor screening was implemented are
especially at risk for transfusion-acquired HCV infection. Childhood
cancer survivors di,er from other groups with chronic viral
hepatitis in that they acquired the infection at a young age and were
likely to have received immunosuppressive or hepatotoxic therapy
(Fink 1993; Strickland 2000).

For better development of primary and secondary hepatic
protective strategies in childhood cancer, more insight into the
association between cancer treatment and hepatic late adverse
e,ects is essential. Furthermore, for the follow-up of childhood
cancer survivors, it is crucial to know the risk and associated
risk factors so that patients at greatest risk can be identified
and adequate follow-up protocols established to reduce the
consequences of hepatic late adverse e,ects. With increased
survival duration a-er cancer, survivors are at risk for second
malignancies and normal diseases of aging which will require
additional pharmacotherapy. This additional morbidity risk also
underscores the need for understanding the state of liver health in
the long-term survivor of a childhood cancer, as long-term impaired
liver function may limit treatment of other late e,ects, like second
malignancies.

This is an update of the first systematic review evaluating the state
of evidence on hepatic late adverse e,ects a-er antineoplastic
(acting against cancer) treatment for childhood cancer (Mulder
2011).

O B J E C T I V E S

To evaluate all the existing evidence on the association between
antineoplastic treatment (that is chemotherapy, radiotherapy
involving the liver, surgery involving the liver and BMT) for
childhood cancer and hepatic late adverse e,ects.

M E T H O D S

Criteria for considering studies for this review

Types of studies

All study designs except case reports, case series (that is,
description of non-consecutive cases) and studies including fewer
than 10 participants that examined the association between
antineoplastic treatment for childhood cancer and hepatic late
adverse e,ects.

Types of participants

Childhood cancer survivors, diagnosed between the age of 0 and
18 years, who were at least one year a-er the end of their cancer
treatment. More than 50% of the study group should have been
diagnosed with a malignant disease. More than 50% of the study
group should have been diagnosed between the age of 0 and
18 years. In addition, more than 50% of the study group should
have been o, treatment for at least one year. Because the aim of
this systematic review was to evaluate the risk of, and associated
risk factors for, hepatic late adverse e,ects a-er antineoplastic
treatment for childhood cancer, we excluded studies in which the
study population consisted solely of childhood cancer survivors
with chronic viral hepatitis. In this way, it was possible to reliably
evaluate risk factors for hepatic late adverse e,ects a-er cancer
treatment.

Types of interventions

Treatment with chemotherapy, radiotherapy involving the liver
(including TBI), surgery involving the liver, or BMT. Liver
transplantations were excluded.

Types of outcome measures

Hepatic late adverse e,ects measured by liver enzymes (that is,
alanine aminotransferase (ALT), also known as glutamic pyruvic
transaminase (SGPT) and aspartate aminotransferase (AST), also
known as glutamic oxaloacetic transaminase (SGOT)) to investigate
cellular liver injury, and gamma-glutamyltransferase (γGT)) and
alkaline phosphatase (ALP) or bilirubin, to investigate disturbances
in bile excretion and biliary tract injury. In addition, measures
of liver synthetic function were included: coagulation times
(prothrombin time (PTT) or activated partial thromboplastin time
(APTT)), albumin, or liver histology. These clinically relevant
outcome measures were selected as recommended by an expert in
the field (BK). In this review, we used the cut-o, limit for normal
and abnormal liver enzyme values as specified by the authors of the
original studies.

Search methods for identification of studies

Electronic searches

The following electronic databases were searched: the Cochrane
Central Library of Controlled Trials (CENTRAL) (The Cochrane
Library 2018, Issue 1), MEDLINE (PubMed) (from 1945 to 9 January
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2018) and Embase (Ovid) (from 1980 to 9 January 2018). The
sensitive search strategies used for CENTRAL, MEDLINE, and
Embase are presented in Appendix 1, Appendix 2 and Appendix 3.

Searching other resources

The reference lists of all relevant articles and reviews were screened
for additional references which were not registered in CENTRAL,
MEDLINE or Embase. We also scanned the conference proceedings
of the International Society of Paediatric Oncology (SIOP) (from
2005 to 2017) and American Society of Pediatric Hematology/
Oncology (ASPHO) (from 2013 to 2018) electronically (see Appendix
4).

We did not impose language restrictions.

Data collection and analysis

Selection of studies

A-er performing the search strategy described previously, two
review authors independently selected studies that met the
inclusion criteria. Discrepancies between review authors were
resolved by consensus. If this was impossible, we achieved final
resolution using a third-party arbitrator. We obtained the full
text of any study seemingly meeting the inclusion criteria on the
grounds of the title or abstract, or both, for closer inspection. We
clearly stated the details of our reasons for exclusion of any study
considered for this review.

Data extraction and management

For the original version of the review, two review authors
independently performed data extraction using standardised
forms. For the update of the review, the data extraction was
performed by one reviewer and checked by another reviewer.
The following data were extracted: study design, original cohort,
described study group, study group of interest, study group
with liver function testing, control group (if applicable), patient
characteristics (including age, gender, body mass index (BMI),
tumour type, years of survival, acute liver disease, and hepatitis
virus infection), cancer treatment (including chemotherapy,
radiotherapy involving the liver, BMT, and hepatectomy), duration
and completion of follow-up, hepatic late adverse e,ects (including
method of detection, definition, and outcome measure) and risk
factors. In case of disagreement, a third review author was
consulted.

We defined cohort studies as studies in which a group of
consecutive patients treated for childhood cancer was followed
from a similar well-defined point in the course of the disease (x-year
survivors). The described study group could be the entire original
cohort of childhood cancer survivors or a subgroup of the original
cohort, based on well-defined inclusion criteria.

The participants in the original cohort represented the whole
group of childhood cancer survivors. The described study group
encompassed the childhood cancer survivors from the original
cohort included in the study. The study group of interest was
the childhood cancer survivors within the original cohort who
received treatment with a high potential for hepatic late adverse
e,ects. Finally, the study group with liver function testing was the
childhood cancer survivors who were assessed for hepatic late
adverse e,ects as well.

Assessment of risk of bias in included studies

The assessment of risk of bias was based on earlier described
checklists for observational studies according to Evidence-Based
Medicine Criteria (Grimes 2002; Laupacis 1994). Two review authors
independently undertook the assessment of risk of bias of the
included studies, concerning the selection of the study group, the
follow-up and outcome assessments, and the methods used for risk
estimation. For evaluation of internal validity, we assessed the risk
of selection bias, attrition bias, detection bias, and confounding
that was present in the included studies. It included the following
items: representativeness of the study group, completeness of
the follow-up, blinding of the outcome assessors, and adjustment
for important confounding factors. We only assessed the risk
of confounding for studies that reported on risk factors. For
evaluation of external validity, we assessed the risk of reporting
bias, which included the following items: definition of the study
group, reporting the length of follow-up, objectiveness of the
outcome definition, and definition of the analyses. We only
assessed the definition of the analyses for studies that reported on
risk factors.The 'risk of bias' assessment criteria for observational
studies are described in additional Table 1. Discrepancies between
review authors were resolved by consensus. In case of doubt, a third
review author was consulted.

Measures of treatment e�ect

Prevalence, cumulative incidence, mean di,erence, relative risk,
odds ratio, attributable risk, and other associated outcomes.

Assessment of heterogeneity

Heterogeneity was assessed by visual inspection of the tables. If

there was evidence of substantial heterogeneity (I2 > 50%) (Higgins
2011), this was reported.

Assessment of reporting biases

We planned to construct a funnel plot to graphically ascertain the
existence of publication bias. A rule of thumb is that tests for funnel
plot asymmetry are used only when there are at least 10 studies in
the meta-analysis. In the event of fewer than 10 studies, the power
of the test is too low to distinguish chance from real asymmetry
(Higgins 2011). Given that none of the included studies in the
current analysis were pooled, we could not construct funnel plots.

Data synthesis

Data were entered into RevMan (Review Manager 2014) and
analysed according to the guidelines of the Cochrane Handbook
(Higgins 2011). All results are presented with the corresponding
95% confidence interval (95% CI), as calculated by the Wilson
method. As this was not possible in RevMan, we used
the following tool: http://epitools.ausvet.com.au/content.php?
page=CIProportion. Because pooling was not possible due to
substantial heterogeneity, we provided descriptive results of these
studies.

Sensitivity analysis

We did not perform sensitivity analyses since pooling was not
possible for any of the outcomes. We did take into account the
risk of bias in studies included in this systematic review in the
interpretation of the results.
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R E S U L T S

Description of studies

Results of the search

See: Characteristics of included studies; Characteristics of excluded
studies; Characteristics of studies awaiting classification.

A-er performing the searches of the electronic databases of
CENTRAL, MEDLINE (PubMed) and Embase (Ovid) (in June 2009), we
identified 1703 references. Following initial screening of the titles
and abstracts, or both, we excluded 1572 which clearly did not meet
all prespecified criteria for this systematic review. We obtained 131
articles in full text, of which seven met all the inclusion criteria.
For an Icelandic article, it was unclear if the study was eligible for
inclusion. We are waiting for the translation. Therefore, this study
was added to the Characteristics of studies awaiting classification
table. The other 123 studies were not eligible for inclusion for the
reasons described in the Characteristics of excluded studies table.

A-er scanning the reference lists of relevant studies and reviews,
55 additional articles were retrieved for more detailed examination,
of which 13 met all the inclusion criteria. Forty-two studies were

added to the Characteristics of excluded studies table. By scanning
the conference proceedings of SIOP, we identified two eligible
studies that have not been published yet and are waiting for
further assessment (see the Characteristics of studies awaiting
classification table).

Running the searches for the update in CENTRAL, MEDLINE and
Embase (in January 2018) yielded a total of 1875 new references
(see Figure 1). Following screening of the titles, abstracts, or both,
we excluded 1804 which clearly did not meet the criteria for
considering studies for this review. We obtained 71 articles in full
text, of which 11 met all the inclusion criteria. In addition, the
electronic search yielded one abstract of a conference proceeding.
At the time of data extraction, this study was published and
therefore included as well. The other 59 articles were excluded for
reasons described in the Characteristics of excluded studies table.
Scanning the reference lists of relevant studies and reviews, two
articles were retrieved for detailed examination. One study met the
inclusion criteria and one study did not meet the inclusion criteria
and was added to the Characteristics of excluded studies table.
By scanning the conference proceedings of SIOP and ASPHO, we
identified three eligible studies that have not been published yet
and are waiting for further assessment (see the Characteristics of
studies awaiting classification table).
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Figure 1.   Study flow diagram.

 

Hepatic late adverse e�ects a�er antineoplastic treatment for childhood cancer (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

7



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Included studies

In total, our search identified 33 eligible studies examining
the association between antineoplastic treatment for childhood
cancer and hepatic late adverse e,ects. Characteristics of the
included studies are summarised below and their baseline
characteristics are described in the Characteristics of included
studies table. It should be noted, however, that there might be
partial overlap in included participants between the following
studies: Locasciulli 1983, Locasciulli 1985, Locasciulli 1991a and
Locasciulli 1997a; Guido 1991 and Rossetti 1991; Hyodo 2012 and
Tomita 2011.

The total number of participants included in the 33 identified
cohort studies who received treatment with a high potential
for hepatic late adverse e,ects was 7876, ranging from 19
to 2753 childhood cancer survivors per study. Sixteen studies
included participants diagnosed with leukaemia (that is, acute
lymphoblastic leukaemia (ALL), acute myeloid leukaemia (AML),
chronic myeloid leukaemia (CML), and acute non-lymphoblastic
leukaemia (ANLL)) (Aricò 1994; Bessho 1994; Chotsampancharoen
2009; Delvecchio 2017; El-Rashedy 2017; Guido 1991; Locasciulli
1983; Locasciulli 1985; Locasciulli 1991a; Locasciulli 1997a;
Matsuzaki 2001; Ratner 1986; Rossetti 1991; Skou 2014; Vora 2006;
Weber 1987); four studies included participants with various forms
of leukaemia and non-malignant disease (Frisk 1998; Hyodo 2012;
Locasciulli 1997a; Tomita 2011); one study with Wilms' tumour,
neuroblastoma and hepatoblastoma (TeY 1970); one study with
hepatoblastoma (Stringer 1995); one study with various forms
of leukaemia, benign haematological diseases, immunological
diseases, and other inborn errors (Bresters 2008); one study with
Wilms' tumour (Jagt 2009); one study with neuroblastoma (French
2012); and eight studies with various tumours (Ballau, 1999;
Green 2019; Gunn 2016; Hudson 2013; Landier 2012; Mulder 2013;
Schempp 2016; Seth 2017).

In 31 of the 33 studies, participants were treated with
chemotherapy; in two studies, it was unclear whether the
participants received chemotherapy (Chotsampancharoen 2009;
Schempp 2016). In 24 studies, the type of chemotherapy was
mentioned, which varied considerably across the studies (Bessho
1994; Bresters 2008; Delvecchio 2017; El-Rashedy 2017; Frisk 1998;
Green 2019; Guido 1991; Hudson 2013; Hyodo 2012; Jagt 2009;
Landier 2012; Locasciulli 1983; Locasciulli 1985; Locasciulli 1997b;
Matsuzaki 2001; Mulder 2013; Ratner 1986; Rossetti 1991; Skou
2014; Stringer 1995; TeY 1970; Tomita 2011; Vora 2006; Weber
1987). Nine studies mentioned the chemotherapy dose according
to the treatment protocol, which varied widely (Bessho 1994;
Hudson 2013; Jagt 2009; Landier 2012; Locasciulli 1997b; Matsuzaki
2001; Stringer 1995; Vora 2006; Weber 1987). Four studies reported
the dose actually received by the participants (Bessho 1994;
Hudson 2013; Landier 2012; Skou 2014). Eighteen of the 33 studies
reported whether the participants were treated with radiotherapy
involving the liver (Bresters 2008; Chotsampancharoen 2009;
Delvecchio 2017; El-Rashedy 2017; French 2012; Frisk 1998; Green
2019; Gunn 2016; Hudson 2013; Hyodo 2012; Landier 2012;
Locasciulli 1997b; Matsuzaki 2001; Mulder 2013; Skou 2014; Stringer
1995; TeY 1970; Tomita 2011), of which fourteen studies included
participants who received radiotherapy involving the liver (Bresters
2008; Chotsampancharoen 2009; French 2012; Frisk 1998; Green
2019; Gunn 2016; Hudson 2013; Hyodo 2012; Landier 2012;
Locasciulli 1997b; Mulder 2013; Stringer 1995; TeY 1970; Tomita
2011). Fourteen studies mentioned the radiotherapy field and dose,

which varied from 5.0 to 14.4 Gy TBI (Chotsampancharoen 2009;
French 2012; Frisk 1998; Hyodo 2012; Locasciulli 1997b; Mulder
2013; Tomita 2011); 3.0 to 76.0 Gy (thoraco-)abdominal irradiation
(French 2012; Hudson 2013; Hyodo 2012; Landier 2012; Mulder
2013; Tomita 2011); and less than 25 Gy to more than 35 Gy liver
irradiation (TeY 1970). One study calculated the volumetric dose
to the liver and reported that the median percentage of liver that
received 10 Gy was 51.4%, the median percentage of liver that
received 15 Gy was 34.6% and the median percentage of liver
that received 20 Gy was 25.3% (Green 2019). Four studies included
participants treated with a hepatectomy (Green 2019; Mulder
2013; Stringer 1995; TeY 1970). Moreover, fi-een studies included
participants treated with BMT (Bresters 2008; Chotsampancharoen
2009; French 2012; Frisk 1998; Green 2019; Gunn 2016; Hudson
2013; Hyodo 2012; Landier 2012; Locasciulli 1991a; Locasciulli
1997b; Mulder 2013; Schempp 2016; Skou 2014; Tomita 2011).

Twenty-four studies mentioned the age at diagnosis. Within studies
reporting mean or median values, the mean/median age ranged
from 0.2 to 10.2 years (Bessho 1994; Delvecchio 2017; El-Rashedy
2017; French 2012; Green 2019; Guido 1991; Gunn 2016; Hudson
2013; Hyodo 2012; Jagt 2009; Landier 2012; Locasciulli 1983;
Locasciulli 1985; Locasciulli 1991a; Locasciulli 1997a; Mulder 2013;
Schempp 2016; Seth 2017; Skou 2014; Stringer 1995; TeY 1970;
Tomita 2011; Vora 2006; Weber 1987). The age at follow-up was
reported by seventeen studies (Aricò 1994; Ballau, 1999; Bessho
1994; Delvecchio 2017; El-Rashedy 2017; French 2012; Green 2019;
Gunn 2016; Hudson 2013; Hyodo 2012; Landier 2012; Mulder
2013; Rossetti 1991; Schempp 2016; Seth 2017; Skou 2014; Tomita
2011) and ranged from a mean/median 9.7 to 32.0 years in
studies that reported mean or median values. All but four studies
(Gunn 2016; Ratner 1986; French 2012; Vora 2006) mentioned the
gender of the included participants. The percentage of females
in these studies varied between 0% and 64%. For the 31 studies
that reported follow-up duration, the reported mean or median
duration varied widely from 2.0 years a-er the end of treatment to
25.1 years since primary cancer diagnosis (Aricò 1994; Ballau, 1999;
Bessho 1994; Bresters 2008; Chotsampancharoen 2009; Delvecchio
2017; El-Rashedy 2017; French 2012; Frisk 1998; Green 2019;
Guido 1991; Gunn 2016; Hudson 2013; Hyodo 2012; Landier 2012;
Locasciulli 1983; Locasciulli 1985; Locasciulli 1991a; Locasciulli
1997a; Locasciulli 1997b; Mulder 2013; Ratner 1986; Rossetti 1991;
Schempp 2016; Seth 2017; Stringer 1995; Skou 2014; TeY 1970;
Tomita 2011; Vora 2006; Weber 1987).

In the included studies, hepatic late adverse e,ects were variably
defined using ALT, AST, γGT, ALP, bilirubin, and PTT. Fourteen studies
defined hepatic late adverse e,ects by abnormal values of serum
ALT or AST, or both (Aricò 1994; Bessho 1994; Bresters 2008; Guido
1991; Gunn 2016; Locasciulli 1983; Locasciulli 1985; Locasciulli
1991a; Locasciulli 1997a; Locasciulli 1997b; Matsuzaki 2001; Ratner
1986; Rossetti 1991; Vora 2006); eight studies defined hepatic late
adverse e,ects by describing separate abnormal values of ALT, AST
ALP, bilirubin prothrombin ratio or albumin (Chotsampancharoen
2009; Delvecchio 2017; El-Rashedy 2017; French 2012; Green 2019;
Landier 2012; Mulder 2013; Skou 2014); nine studies defined
hepatic late adverse e,ects by combined measurements of ALT, AST,
bilirubin, γGT, ALP and/or PTT (Ballau, 1999; Frisk 1998; Hudson
2013; Hyodo 2012; Jagt 2009; Schempp 2016; TeY 1970; Tomita
2011; Weber 1987); and for two studies, it was unclear which
biochemical liver function tests were used (Seth 2017; Stringer
1995). In 19 studies, the upper limits of normal were described
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(Aricò 1994; Ballau, 1999; Bessho 1994; Bresters 2008; French 2012;
Green 2019; Hudson 2013; Jagt 2009; Landier 2012; Locasciulli 1983;
Locasciulli 1985; Locasciulli 1991a; Locasciulli 1997a; Locasciulli
1997b; Mulder 2013; Ratner 1986; Rossetti 1991; Skou 2014; Weber
1987). Ten studies defined hepatic late adverse e,ects as ALT
and/or AST above the upper limit of normal (Aricò 1994; Bessho
1994; Bresters 2008; French 2012; Green 2019; Locasciulli 1991a;
Locasciulli 1997a; Locasciulli 1997b; Mulder 2013; Skou 2014); five
studies as ALT and/or AST above two times the upper limit of
normal (Bresters 2008; Landier 2012; Mulder 2013; Ratner 1986;
Rossetti 1991); two studies as ALT or AST, or both, above three times
the upper limit of normal (Locasciulli 1983; Locasciulli 1985); two
studies as ALP above the upper limit of normal (French 2012; Skou
2014); three studies as bilirubin above the upper limit of normal

(French 2012; Landier 2012; Skou 2014); one study as γGT above
and two times above the upper limit of normal (Mulder 2013); and
four studies as combinations of ALT, AST, bilirubin, γGT and/or ALP
above the upper limit of normal (Ballau, 1999; Hudson 2013; Jagt
2009; Landier 2012; Weber 1987). In four studies, liver biopsies were
performed in a selected group of participants (Locasciulli 1997a;
Ratner 1986; Tomita 2011; Vora 2006).

Risk of bias in included studies

Data on the risk of bias in the 33 cohort studies are described in the
Characteristics of included studies table and are shown in Figure
2 and Figure 3. All studies were found to have methodological
limitations.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 2.   (Continued)

 
 

Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
For evaluation of internal validity, we assessed the risk of selection
bias, attrition bias, detection bias, and confounding present in the
included studies.

In five of the 33 studies, the described study group consisted of
the entire original cohort of childhood cancer survivors (Aricò 1994;
Ballau, 1999; Frisk 1998; Locasciulli 1997b; Stringer 1995). Nine
studies described a subgroup of the original cohort (Bresters 2008;
Chotsampancharoen 2009; French 2012; Green 2019; Hudson 2013;

Locasciulli 1991a; Locasciulli 1997a; Mulder 2013; Skou 2014). In
one study, this subgroup consisted of more than 90% of the original
cohort (Locasciulli 1997a). In the other eight studies, this subgroup
neither consisted of more than 90% of the original cohort nor
was it a random sample with respect to the cancer treatment
(Bresters 2008; Chotsampancharoen 2009; French 2012; Green
2019; Hudson 2013; Locasciulli 1991a; Mulder 2013; Skou 2014).
For 19 studies, the number of participants in the original cohort
was not mentioned (Bessho 1994; Delvecchio 2017; El-Rashedy
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2017; Guido 1991; Gunn 2016; Hyodo 2012; Jagt 2009; Landier 2012;
Locasciulli 1983; Locasciulli 1985; Matsuzaki 2001; Ratner 1986;
Rossetti 1991; Schempp 2016; Seth 2017; TeY 1970; Tomita 2011;
Vora 2006; Weber 1987). For these studies, it was unclear whether
the described study group consisted of more than 90% of the
original cohort of childhood cancer survivors or whether it was a
random sample with respect to the cancer treatment. Hence, in
six of the 33 studies (18.2%) the study group was representative.
So, selection bias could not be ruled out in 81.8% of the included
studies.

Twenty-eight studies (84.8%) had an adequate follow-up (based on
> 60% of the study group of interest) (Aricò 1994; Ballau, 1999;
Bessho 1994; Bresters 2008; Delvecchio 2017; El-Rashedy 2017;
French 2012; Frisk 1998; Green 2019; Gunn 2016; Hudson 2013;
Hyodo 2012; Jagt 2009; Landier 2012; Locasciulli 1983; Locasciulli
1991a; Locasciulli 1997a; Locasciulli 1997b; Matsuzaki 2001; Mulder
2013; Ratner 1986; Rossetti 1991; Skou 2014; Stringer 1995; TeY
1970; Tomita 2011; Vora 2006; Weber 1987), of which 22 studies
assessed the outcome for more than 90% of the study group of
interest (Aricò 1994; Ballau, 1999; Bessho 1994; Bresters 2008;
Delvecchio 2017; El-Rashedy 2017; Frisk 1998; Green 2019; Gunn
2016; Hudson 2013; Hyodo 2012; Landier 2012; Locasciulli 1991a;
Locasciulli 1997a; Locasciulli 1997b; Mulder 2013; Ratner 1986;
Skou 2014; Stringer 1995; Tomita 2011; Vora 2006; Weber 1987).
Two studies assessed the outcome for less than 60% of the study
group of interest and thus were scored as having incomplete
follow-up (Guido 1991; Locasciulli 1985), and, for three studies, the
completion of follow-up was unclear (Chotsampancharoen 2009;
Schempp 2016; Schempp 2016). Hence, there was a risk of attrition
bias in five of the 33 studies (15.2%)

In all studies, liver enzymes were biochemically measured. This
outcome is not likely to be influenced by lack of blinding. In four
studies that performed liver biopsies, it was unclear if the outcome
assessors were blinded (Locasciulli 1997a; Ratner 1986; Tomita
2011; Vora 2006).

Eighteen studies assessed possible risk factors for the development
of hepatic late adverse e,ects (Aricò 1994; Ballau, 1999; Bresters
2008; Chotsampancharoen 2009; Delvecchio 2017; El-Rashedy
2017; Green 2019; Gunn 2016; Hudson 2013; Hyodo 2012; Locasciulli
1983; Locasciulli 1991a; Locasciulli 1997a; Mulder 2013; Rossetti
1991; Schempp 2016; TeY 1970; Tomita 2011). Only two out of these
18 studies (Green 2019; Mulder 2013) conducted multivariable
analyses with adjustment for important confounders. So, there
was a risk of confounding in 88.9% of the studies which assessed
possible risk factors.

For evaluation of external validity, we assessed the risk of reporting
bias present in the included studies.

In 18 of the 33 studies (54.5%), the study group was well-defined
in terms of antineoplastic therapy exposure and chronic viral
hepatitis (Bessho 1994; Bresters 2008;El-Rashedy 2017; Green 2019;
Frisk 1998; Guido 1991; Hudson 2013; Hyodo 2012; Landier 2012;
Locasciulli 1983; Locasciulli 1985; Locasciulli 1997b; Matsuzaki
2001; Mulder 2013; Skou 2014; Ratner 1986; Rossetti 1991;
Tomita 2011). The other 15 studies failed to mention the type
of chemotherapy (Aricò 1994; Ballau, 1999; French 2012; Gunn
2016; Locasciulli 1991a; Locasciulli 1997a; Schempp 2016; Seth
2017) or the number of participants with chronic viral hepatitis

(Chotsampancharoen 2009; Delvecchio 2017; Gunn 2016; Jagt 2009;
Schempp 2016; Stringer 1995; TeY 1970; Vora 2006; Weber 1987).

Twenty-eight studies (84.8%) reported the length of follow-up and
therefore had a well-defined follow-up (Aricò 1994; Ballau, 1999;
Bessho 1994; Bresters 2008; Chotsampancharoen 2009; French
2012; Frisk 1998; Green 2019; Guido 1991; Hudson 2013; Hyodo
2012; Landier 2012; Locasciulli 1983; Locasciulli 1985; Locasciulli
1991a; Locasciulli 1997a; Locasciulli 1997b; Mulder 2013; Ratner
1986; Rossetti 1991; Schempp 2016; Seth 2017; Skou 2014; Stringer
1995; TeY 1970; Tomita 2011; Vora 2006; Weber 1987).

In 19 studies, the upper limits of normal for the liver function tests
that were used were described (Aricò 1994; Ballau, 1999; Bessho
1994; Bresters 2008; French 2012; Green 2019; Hudson 2013; Jagt
2009; Landier 2012; Locasciulli 1983; Locasciulli 1985; Locasciulli
1991a; Locasciulli 1997a; Locasciulli 1997b; Mulder 2013; Skou
2014; Ratner 1986; Rossetti 1991; Weber 1987). The other studies
did not mention the upper limits of normal. So 19 of the 33 studies
(57.6%) had a well-defined outcome.

Eighteen studies assessed possible risk factors for the development
of hepatic late adverse e,ects, of which all but one had a well-
defined risk estimation (94.4%) (Aricò 1994; Ballau, 1999; Bresters
2008; Chotsampancharoen 2009; Delvecchio 2017; El-Rashedy
2017; Green 2019; Gunn 2016; Hudson 2013; Hyodo 2012; Locasciulli
1983; Locasciulli 1991a; Locasciulli 1997a; Mulder 2013; Rossetti
1991; TeY 1970; Tomita 2011).

Hence, reporting bias could not be ruled out in up to 63.6% of the
included studies.

E�ects of interventions

Prevalence of hepatic late adverse e�ects

The prevalence of hepatic late adverse e,ects as measured by
liver enzymes, bilirubin, or coagulation times was reported in
all but three studies (Chotsampancharoen 2009; Delvecchio 2017;
El-Rashedy 2017) and varied widely between 0% and 84.2%
(see Characteristics of included studies). However, five studies
estimated the prevalence of hepatic late adverse e,ects in a
selected group of participants who were diagnosed with abnormal
liver function during or soon a-er the cancer treatment (Guido
1991; Locasciulli 1983; Locasciulli 1985; Locasciulli 1991a; Vora
2006). Excluding these studies resulted in a reported prevalence of
0% to 58.0%.

Furthermore, hepatic late adverse e,ects were defined using
di,erent liver function tests with varying cut-o, limits. When
selecting studies with a well-defined outcome, that is, if the upper
limits of normal for the liver function tests were described in
the definition of hepatic late adverse e,ects, 19 studies remained
(Aricò 1994; Ballau, 1999; Bessho 1994; Bresters 2008; French 2012;
Green 2019; Hudson 2013; Jagt 2009; Landier 2012; Locasciulli 1983;
Locasciulli 1985; Locasciulli 1991a; Locasciulli 1997a; Locasciulli
1997b; Mulder 2013; Ratner 1986; Rossetti 1991; Skou 2014; Weber
1987).

Cellular liver injury: ALT and AST

Eight studies defined hepatic late adverse e,ects as ALT above the
upper limit of normal with prevalences ranging from 5.8% to 52.8%
(Aricò 1994; Bessho 1994; French 2012; Green 2019; Locasciulli
1997a; Locasciulli 1997b; Mulder 2013; Skou 2014) (Table 2). Two
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studies defined hepatic late adverse e,ects as AST above the upper
limit of normal with a prevalence of 1.1% and 13.0%, respectively
(Skou 2014; French 2012) (Table 3). One study defined hepatic late
adverse e,ects as ALT or AST above the upper limit of normal with a
prevalence of 24.5% (Bresters 2008) (Table 4). Because unexplained
heterogeneity was detected by visual inspection of the tables,
we were not able to pool the results of the studies. The cancer
treatment varied across the studies. In all studies, the included
participants were treated with chemotherapy. The chemotherapy
regimens varied considerably. In five studies, it was reported that
participants were also treated with TBI and BMT (Bresters 2008;
French 2012; Green 2019; Locasciulli 1997b; Mulder 2013), but
this could not explain the variation in the prevalence (5.8% to
52.8%). Selecting studies in which a considerable proportion of the
participants had a chronic viral hepatitis resulted in three studies
with a prevalence of elevated ALT ranging from 21.6% to 52.8%
(Aricò 1994; Locasciulli 1997a; Locasciulli 1997b). Although other
potential sources of heterogeneity (that is, risk of bias present in
the studies, age at diagnosis, follow-up duration, gender, acute liver
morbidity) also varied across these studies, they could not explain
the variation in the prevalence of hepatic late adverse e,ects.

Four studies defined hepatic late adverse e,ects as ALT above two
times the upper limit of normal (Landier 2012; Mulder 2013; Ratner
1986; Rossetti 1991). The prevalence ranged from 0.9% to 44.8%
(Table 5). Heterogeneity was also detected in these figures. Chronic
viral hepatitis could partly explain the variation in the prevalence
reported in Rossetti 1991 (44.8%), Ratner 1986 (23.1%), Landier
2012 (2.3%) and Mulder 2013 (0.9%), with infection rates of 62.5%
(HBV), 12.8% (HBV), 8.9% (HCV), and 0% respectively. There were
no di,erences in the risk of bias present in these studies. Although
other potential sources of heterogeneity (age at diagnosis, follow-
up duration, gender, acute liver morbidity) also varied across these
studies, they could not explain the variation in the prevalence of
hepatic late adverse e,ects.

In addition, one study defined hepatic late adverse e,ects as AST
above two times the upper limit of normal with a prevalence of 2.3%
(Landier 2012) (Table 6). Two studies defined hepatic late adverse
e,ects as ALT or AST two times above the upper limit of normal with
a prevalence of 7.9% and 2.7%, respectively (Bresters 2008; Landier
2012) (Table 7).

Billiary tract injury: γGT and ALP

One study investigated biliary tract injury defined as γGT above and
twice above the upper limit of normal and reported a prevalence
of 5.3% and 0.9%, respectively (Mulder 2013) (Table 8 and Table 9).
Two studies investigated biliary tract injury defined as ALP above
the upper limit of normal, with prevalences of 4.3% and 11.1%
respectively (French 2012; Skou 2014) (Table 10).

Disturbance in biliary function: bilirubin

Three studies defined hepatic late adverse e,ects as bilirubin above
the upper limit of normal. Prevalences ranged from 8.7% abnormal
unconjugated bilirubin, 0% abnormal conjugated bilirubin (French
2012), 1.1% abnormal total bilirubin (Landier 2012) and 1.0%
abnormal bilirubin (Skou 2014) (Table 11).

Because hepatic late adverse e,ects in the studies of Ballau,
1999, Hudson 2013, Jagt 2009 and Weber 1987 were defined using
di,erent assessment methods, we were not able to combine the
results of these four studies.

In four studies, liver biopsies were performed to evaluate hepatic
late adverse e,ects in two, three, four, and ten participants,
respectively (Locasciulli 1997a; Ratner 1986; Tomita 2011; Vora
2006). All liver biopsies were performed on clinical indication:
persistent high ALT levels (Locasciulli 1997a), chronic HBV infection
(Ratner 1986), fatty liver (Tomita 2011), and splenomegaly
during and soon a-er chemotherapy (Vora 2006). Participants
were diagnosed with either chronic persistent hepatitis, chronic
lobular hepatitis, cirrhosis, portal fibrosis, nodular regenerative
hyperplasia, or fatty liver.

Risk factors for hepatic late adverse e�ects

Eighteen studies investigated possible risk factors for hepatic
late adverse e,ects (Aricò 1994; Ballau, 1999; Bresters 2008;
Chotsampancharoen 2009; Delvecchio 2017; El-Rashedy 2017;
Green 2019; Gunn 2016; Hudson 2013; Hyodo 2012; Locasciulli 1983;
Locasciulli 1991a; Locasciulli 1997a; Mulder 2013; Rossetti 1991;
Schempp 2016; TeY 1970; Tomita 2011). However, only two studies
(Green 2019; Mulder 2013) conducted multivariable analyses.
Radiotherapy involving the liver, methotrexate, mercaptopurine,
thioguanine, dactinomycin, busulphan, other antimetabolites,
other cytotoxic antibiotics, other alkylating agents, plant alkaloids,
other chemotherapeutic agents, liver resection, BMI, alcohol
intake, chronic viral hepatitis C, age at primary cancer diagnosis,
age at evaluation, follow-up time since primary cancer diagnosis,
gender, metabolic syndrome, statins, and ethnicity were evaluated
as possible risk factors for hepatic late adverse e,ects in these two
studies.

Chronic viral hepatitis (HCV, HBV, HBV-HDV co-infection (Aricò
1994; Ballau, 1999; Locasciulli 1983; Locasciulli 1991a; Locasciulli
1997a; Rossetti 1991)), cancer treatment (cyclophosphamide with
TBI or TAI, cyclophosphamide with busulphan, other (Bresters
2008); mercaptopurine, thioguanine, and/or radiotherapy involving
the liver (Hudson 2013); cranial radiotherapy (CRT) (Gunn 2016);
CRT with TBI, TBI, TAI with chemotherapy (Tomita 2011); higher
radiotherapy dose, radiotherapy field (right lobe, le- lobe, entire
liver, remaining liver) (TeY 1970); standard versus low-dose
asparaginase (El-Rashedy 2017)), older age at haematopoietic stem
cell transplantation (HSCT), diagnosis of a benign haematological
disease, gender, HSCT donor type (matched sibling donor, other),
stem cell source, early post-transplant morbidity (viral reactivation,
SOS, acute GVHD) (Bresters 2008), overweight (Gunn 2016), iron
overload (Chotsampancharoen 2009; El-Rashedy 2017; Schempp
2016), and fatty liver (Hyodo 2012; Delvecchio 2017) were
investigated as possible risk factors for hepatic late adverse e,ects
in univariable analyses.

Evidence suggests that treatment with radiotherapy involving the
liver (especially a-er a higher percentage of the liver irradiated),
higher BMI, and longer follow-up time or older age at evaluation
increase the risk of cellular liver injury in multivariable analyses
(Green 2019; Mulder 2013). In addition, some evidence suggests
that busulfan, thioguanine, hepatic surgery, higher alcohol intake
(> 14 units per week), chronic viral hepatitis C, metabolic syndrome,
use of statins, and non-Hispanic white ethnicity increase the risk of
cellular liver injury in multivariable analyses (Green 2019; Mulder
2013). Chronic viral hepatitis was shown to increase the risk of
cellular liver injury in six univariable analyses as well (Aricò 1994;
Ballau, 1999; Locasciulli 1983; Locasciulli 1991a; Locasciulli 1997a;
Rossetti 1991). Moreover, there is some suggestion that treatment
with radiotherapy involving the liver, higher BMI, higher alcohol
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intake (> 14 units per week), longer follow-up time and older
age at cancer diagnosis increase the risk of biliary tract injury in
multivariable analyses (Mulder 2013).

The identification of other risk factors has not been universally
identified across all studies (see Characteristics of included studies,
and additional Table 12 and Table 13).

D I S C U S S I O N

In this update of the first systematic review, all available evidence
on the association and risk of hepatic late adverse e,ects a-er
treatment for childhood cancer was critically evaluated among 33
studies that met the inclusion criteria. The reported prevalence of
hepatic late adverse e,ects varied considerably, between 0% and
84.2%. Part of this wide range could be explained by the variation
in outcome definition. Selecting studies where the outcome of
hepatic late adverse e,ects was well-defined as ALT above the
upper limit of normal, indicating cellular liver injury, resulted in
eight studies. In this subgroup, the prevalence of hepatic late
adverse e,ects ranged from 5.8% to 52.8%. A more stringent
selection using an outcome definition of ALT above twice the
upper limit of normal resulted in four studies, with a prevalence
ranging from 0.9% to 44.8%. There is some suggestion that chronic
viral hepatitis could explain a part of this variation. One study
investigated biliary tract injury defined as γGT above the upper
limit of normal and above twice the upper limit of normal and
reported a prevalence of 5.3% and 0.9%, respectively. Three studies
investigated disturbances in biliary function defined as bilirubin
above the upper limit of normal and reported prevalences ranging
from 0% to 8.7%. Since only two studies evaluated risk factors
by multivariable analysis, there is no strong evidence regarding
which paediatric patients are at the greatest risk of developing
hepatic late adverse e,ects. There is a suggestion that radiotherapy
involving the liver, including a higher irradiated volume, higher BMI,
chronic viral hepatitis, and longer follow-up time or older age at
follow-up increase the risk of cellular liver injury. In addition, there
is some suggestion that busulfan, thioguanine, hepatic surgery,
higher alcohol intake (> 14 units per week), metabolic syndrome,
use of statins, and non-Hispanic white ethnicity increase the risk
of cellular liver injury. Moreover, there is some suggestion that
treatment with radiotherapy involving the liver, higher BMI, higher
alcohol intake (> 14 units per week), longer follow-up time and
older age at cancer diagnosis increase the risk of biliary tract
injury. The studies in this systematic review showed that even
many years a-er cancer diagnosis (> 25 years), hepatic late adverse
e,ects were still detected. Since none of the studies investigated
the longitudinal development of hepatic late adverse e,ects many
years a-er treatment, it is unclear if liver function recovers or
deteriorates over time.

From previous research, it is known that methotrexate, 6-
mercaptopurine, 6-thioguanine, busulphan, and dactinomycin
increase the risk of liver toxicity during or soon a-er cancer
treatment (Field 2008; King 2001). It has been speculative
that these chemotherapeutics also increase the risk of hepatic
late adverse e,ects. In the current systematic review, only
two studies investigated the association between individual
chemotherapeutic agents and hepatic late adverse e,ects. One
study (Green 2019) found an association between elevated
ALT levels and treatment with busulfan and thioguanine, but
the other study did not find an association (Mulder 2013).

There was a great diversity in antineoplastic treatment among
the participants in the other individual studies, so it was
impossible to compare the e,ects of specific chemotherapeutics
from the included studies. Hence, despite the clear association
between certain chemotherapeutic agents and acute transaminase
elevation, sinusoidal obstruction syndrome (SOS) and synthetic
liver dysfunction (Field 2008; King 2001), the evidence for an
increased risk of hepatic late adverse e,ects a-er treatment
with methotrexate, mercaptopurine, thioguanine, busulphan or
dactinomycin is less clear.

Three included studies investigated the association between
radiotherapy to the liver and hepatic late adverse e,ects
(Green 2019; Mulder 2013; TeY 1970). Green 2019 showed that
radiotherapy involving the liver is an important risk factor for
cellular liver injury and that volume plays an important role. They
identified a significant association between the percentage of the
liver treated with ≥ 10 Gy, ≥ 15 Gy, or ≥ 20 Gy and elevated
ALT .Mulder 2013 showed that radiotherapy involving the liver is
an important risk factor for cellular liver injury and biliary tract
injury. At a median follow-up of 12 years a-er cancer diagnosis,
22 out of 123 (17.9%) cases of childhood cancer treated with
radiotherapy involving the liver had abnormal ALT and/or γGT
levels: 4 received TBI (7.5-12 Gy) and 18 abdominal radiation (9-34
Gy). TeY 1970 reported a prevalence of abnormal liver enzyme tests
of 58% in 88 childhood cancer survivors treated with radiotherapy
involving the liver at a mean follow-up of four years a-er the end
of treatment, but it was unclear which liver enzyme tests were
performed and how an abnormal test result was defined. The
majority of participants were treated with a liver irradiation dose of
25 Gy or more.

Chronic HBV and HCV infection were identified in one multivariable
and six univariable analyses as risk factors for hepatic late adverse
e,ects. Acute HBV infection in children has a variable clinical course
ranging from asymptomatic state to fulminant hepatitis, with the
rate of chronic infection ranging from 90% in neonates to 1% to 5%
in adolescents (Kurbegov 2009). Acute infection with HCV tends to
cause mild hepatitis, yet chronic infection occurs in approximately
80% of patients (Villano 1999). When chronically infected with
HBV or HCV, patients are at risk for liver-related morbidity and
mortality from cirrhosis or hepatocellular carcinoma. In a study
of Castellino 2004, which investigated the long-term outcomes
of chronic HCV infection among survivors of childhood cancer, it
was shown that at a median follow-up of 12.4 years, 28.8% of
participants had developed mild fibrosis, 35.6% moderate fibrosis,
and 13.6% cirrhosis. This study was excluded from this systematic
review because the study population consisted solely of hepatitis
virus-infected childhood cancer survivors. It should be noted,
however, that the importance of chronic HCV infection among
childhood cancer survivors is declining as the global prevalence of
HCV has dramatically decreased since the introduction of e,ective
screening of blood products in 1992 and 1993 (Hudson 2005).

Higher BMI, metabolic syndrome, alcohol intake, longer follow-
up time, and older age at follow-up were also associated with an
increased risk of hepatic late adverse e,ects. Those factors are
strongly associated with liver disease in the normal population
(Luyckx 2000; Maddrey 2000; Sheen 2002). Although the risk of
cellular liver dysfunction in childhood cancer survivors may be a
reflection of an aging population prone to developing a higher BMI,
and (in a subset) consuming greater units of alcohol, the increased

Hepatic late adverse e�ects a�er antineoplastic treatment for childhood cancer (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

14



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

risk is also attributable to cancer treatment. Previous studies have,
for example, shown that survivors of childhood cancer are at
increased risk of obesity and metabolic syndrome (Meacham 2005;
Meacham 2010).

Other reported risk factors were cranial radiotherapy (in one
study significant, in one study not significant), standard-dose
asparaginase (compared to low-dose, in one study significant) iron
overload (in one study significant, in two studies not significant),
fatty liver (steatosis) (in one study significant, in two studies not
significant) older age at haematopoietic stem cell transplantation
(HSCT) (in one study significant) and the diagnosis of a benign
haematological disease (in one study significant); although none
of the studies conducted multivariable analyses with adjustment
for important prognostic factors and follow-up. Results from
univariable analyses that do not take possible confounding factors
into account may lead to an overestimation of the prognostic
influence of a single variable. Consequently, the results of these
studies must be interpreted with caution. No studies exist in which
the association between SOS or gra--versus-host disease (GVHD)
and hepatic late adverse e,ects was evaluated. In addition, none
of the studies in this systematic review included a control group. A
control group would have allowed us to separate out the e,ects of
important risk factors in order to determine the level of causation.

Liver histology is the current gold standard for diagnosing liver
damage but is applied conservatively in paediatric patients due
to the invasive nature of the test (Saleh 2007). Since only four
studies performed liver biopsies, in a selected group of participants
with clinical indications, we were not able to analyse histologically-
determined hepatic late adverse e,ects. Consequently, we had
to focus on hepatic injury defined by elevated liver enzymes,
especially serum ALT level. Although ALT is produced by other
organs, it is found mainly in hepatocytes and is considered to be
the most reliable and sensitive single marker of acute or subacute
liver injury (Kim 2008). Recently, Ruhl 2009 investigated whether
elevated ALT levels were associated with an increased risk of all-
cause and disease-specific mortality among 14,950 adults from
the US population. Although elevated ALT was not associated
with all-cause mortality, it did relate to deaths from liver disease.
An elevation in ALT was associated with a more than eight-fold
increased risk of cause-specific mortality from liver disease. There
is, however, still some doubt about the validity of serum ALT as
a marker of liver disease. Elevated ALT can be asymptomatic and
does not always progress to liver failure or cirrhosis. In addition,
liver enzyme levels can be normal while having liver cirrhosis.
Especially in the case of chronic HCV infection, normal ALT levels
have been found while having liver abnormalities. So normal liver
enzyme levels do not exclude the diagnosis of a chronic HCV
infection and liver cirrhosis (Field 2008; Kim 2008). Therefore,
it is di,icult to judge the exact clinical consequence of hepatic
late adverse e,ects as measured in this systematic review. Other
parameters which are frequently used for liver function testing are
AST, γGT, ALP, bilirubin, and coagulation times (PTT and APTT).
Because the studies included in this systematic review mainly
reported ALT levels, it was di,icult to draw any conclusions on other
measures of liver function and their relationship to long-term liver
health in childhood cancer survivors.

A-er assessing the risk of bias of the included studies, which
included both internal and external validity, it was obvious that
all studies had methodological limitations. However, it should be

noted that this assessment focused only on the evaluation of the
prevalence of hepatic late adverse e,ects. Therefore, the quality of
the included studies was only judged regarding these items.

Internal validity gives an indication of the bias present in a study
and thus how valid the results of a study are. There was an 82%
risk of selection bias in studies included in this systematic review.
This led to concern that an overestimation of the prevalence of
hepatic late adverse e,ects would exist if patients with a higher
risk profile were selected for the study, and an underestimation
if patients with a lower risk profile were selected. In addition, the
small risk of attrition bias (15%) may lead to an overestimation of
the prevalence of hepatic late adverse e,ects if participants lost
to follow-up were in better health than those still under medical
surveillance. Conversely, it would lead to an underestimation if
participants lost to follow-up were more likely to be su,ering
from hepatic late adverse e,ects, for example, because they were
more frequently unable to complete the follow-up schedule of the
study. Finally, detection bias could lead to an overestimation of
the prevalence of hepatic late adverse e,ects since knowledge
of prognostic factors could increase the possibility of classifying
participants as having hepatic late adverse e,ects. All studies in
this review reported liver outcomes that were defined by absolute
laboratory values. Because this could be interpreted objectively,
the blinding of the outcome assessor was not important. In
four studies that performed liver biopsies, it was unclear if the
outcome assessors were blinded. Another potential bias was the
fact that many of the included studies did not mention the actual
methods of monitoring. In some studies, all participants had
routine surveillance which is much more reliable and less likely to
be biased as compared to ad hoc or non-protocolised testing.

The external validity of a study indicates how well the results of
the study could be extrapolated to individual participants. There
was a moderate risk of reporting bias in studies included in this
systematic review. Because the study group was not well-defined
in more than half of the included studies, and only a small majority
used an objective and precise outcome definition, it is di,icult
to interpret the results correctly. Although most of the studies
reported the length of follow-up, the median duration varied widely
from 2.0 years a-er the end of treatment to 25.1 years since primary
cancer diagnosis in studies that reported the median follow-up
duration. With short follow-up, it is possible that the injury to
the liver may be transient and reversible. With longer follow-up,
more participants would be at risk for hepatic late adverse e,ects.
However, it was not clear whether treatment-related increased risks
of hepatic late adverse e,ects would continue to be raised with
more prolonged follow-up, or that the risk would level o, or even
decrease at some point of time. Therefore, cautious interpretation
of the results is needed when the study findings are related to
individual patients. 

Variation in the studies that evaluated the prevalence of hepatic
late adverse e,ects could also be explained by other factors.
Di,erences in the prevalence of hepatic late adverse e,ects could
be a reflection of di,erent risk profiles in the study population.
Factors such as chemotherapy type and dose, co-treatment with
other hepatotoxic drugs, age at diagnosis, and age at follow-up
varied considerably across the studies, which may explain the
variation in the prevalence. Moreover, it should be noted that the
prevalence of chronic HBV and HCV infection di,ered between
countries and was based on the era of cancer diagnosis (Hudson
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2005). In Mediterranean countries, chronic viral hepatitis is more
endemic (Baldo 2008) so patients who received blood transfusions
in these countries were at higher risk for chronic HBV or HCV
infections.

In conclusion, this systematic review showed that the prevalence
of hepatic late adverse e,ects ranged from 5.8% to 52.8% when
selecting studies with an adequate outcome definition of ALT above
the upper limit of normal, indicating cellular liver injury. One study
investigated biliary tract injury defined as γGT above the upper
limit of normal and reported a prevalence of 5.3%. In addition,
three studies investigated disturbance in biliary function defined as
bilirubin above the upper limit of normal and reported prevalences
ranging from 0% to 8.7%. Evidence suggests that radiotherapy
involving the liver, higher BMI, chronic viral hepatitis, and longer
follow-up time or older age at follow-up increase the risk of hepatic
late adverse e,ects. In addition, there may be a suggestion that
busulfan, thioguanine, hepatic surgery, higher alcohol intake (> 14
units per week), metabolic syndrome, use of statins, non-Hispanic
white ethnicity, and older age at cancer diagnosis increase the risk
of hepatic late adverse e,ects.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This systematic review shows that childhood cancer survivors
are at risk for hepatic late adverse e,ects defined as ALT
above the upper limit of normal. Evaluation of serum ALT
level could be helpful to screen early for hepatic late adverse
e,ects. Abnormalities should initiate additional evaluation and
measurement to prevent any further damage. Based on the results
of this systematic review, it might be rational to monitor childhood
cancer survivors treated with radiotherapy involving the liver,
busulfan, thioguanine and/or hepatic surgery. Recommendations
about the time interval of evaluation and the importance of other
tests cannot be made based on currently available evidence. One
should keep in mind: no evidence of e,ect does not mean evidence
of no e,ect. As more data become available, clinicians will be
able to make better-informed decisions regarding the treatment of
future childhood cancer patients and to develop targeted follow-
up programs for survivors. Since liver disease can be indolent, it
might be rational that counselling should be provided regarding
preventive behaviours like avoidance of alcohol, immunization
against hepatitis A and B, and cautious use of alternative therapies
that have a risk of liver injury.

Implications for research

Based on the results of this systematic review, high-quality studies
in childhood cancer survivors are needed to: 1) evaluate the exact
radiotherapy and chemotherapy threshold doses for developing
hepatic late adverse e,ects; 2) evaluate the possible joint e,ects
of radiation dose and radiation volume on the risk of hepatic
late adverse e,ects; 3) evaluate the impact of aging on the risk
of hepatic late adverse e,ects; 4) evaluate the influence of other
determinants on the risk of hepatic late adverse e,ects, such as
haematopoietic stem cell transplant, steatosis, SOS, iron overload,
and GVHD; 5) evaluate time trends and associated risk factors for
hepatic late adverse e,ects; 6) evaluate the predictive value of
first assessment on hepatic late adverse e,ects time trends; 7)
evaluate the prognostic value of subclinical hepatic late adverse
e,ects for developing clinical disease. In addition, since many
of the studies are quite dated and the epidemiology of chronic
viral hepatitis has changed, more current data is needed. Ideally,
future studies should longitudinally evaluate liver health in all
children treated for cancer. Follow-up should be long enough
and complete with precise and uniform outcome definitions,
including transaminases and synthetic indicators of liver function.
The development of imaging modalities which may lead to non-
invasive characterisation of the liver also holds promise for this
population. While the cancer survivor has many end organ risks
a-er therapy, it remains to be investigated whether the unique
regenerative capacity of the liver obviates follow-up for hepatic late
adverse e,ects or whether certain host or therapy exposures lead
to threshold e,ects for late liver injury.
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Characteristics of included studies [ordered by study ID]

 

Methods Cohort study

Participants N of participants original cohort: 102

N of participants described study group: 102

N of participants study group of interest: 102

N of participants with liver function tests: 102

Tumour: ALL

Time period diagnosis/treatment: 1977-1992

Age at diagnosis: nm

Age at follow-up: median 10.5 (2.5 to 21.1) yr

F/M%: 45/55

BMI: nm

N of participants hepatitis virus infection: 23/102 (22.5%) HCV-RNA+ (persistent HCV) and 7/102 (6.8%)

anti-HCV+, HCV-RNA-

N of participants acute liver disease: nm

Follow-up duration: median 2.8 (0.1 to 12.5) yr after end of treatment

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 102/102 (100%); chemotherapy type: nm; chemotherapy dose: nm

Aricò 1994 
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N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: 101/102 (99.0%)

Outcomes Method of detection of hepatic late adverse effects: ALT (frequency of testing nm)

Definition of hepatic late adverse effects: ALT > upper limit of normal (35 IU/mL)

N of participants hepatic late adverse effects at end of follow-up: 22/102 (21.6%) of whom 5/102 (4.9%)
had mild-to-moderate increase, 16/102 (15.7%) moderate increase and 1/102 (1.0%) severe increase (>
3.5 times upper limit of normal (35 IU/mL))

Risk factors: chronic HCV infection: 16/23 (69.6%) with chronic HCV infection elevated ALT versus 6/79
(7.6%) without chronic HCV infection elevated ALT (P < 0.001) (univariable)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Low risk Described study group consisted of more than 90% of the original cohort

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group High risk Type of chemotherapy was not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Well defined risk estima-
tion

Low risk Chi2 was calculated

Aricò 1994  (Continued)

 
 

Methods Prospective cohort study

Participants N of participants original cohort: 50

N of participants described study group: 50

N of participants study group of interest: 50

N of participants with liver function tests: 50

Tumour: various tumours; time period diagnosis/treatment: 1980-1991

Ballau� 1999 
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Age at diagnosis: nm

Age at follow-up: median 12.3 (6.7 to 24.5) yr

F/M%: 36/64

BMI: nm

N of participants hepatitis virus infection: 14/50 (28.0%) HCV-RNA+ (persistent HCV), 2/50 (4.0%) an-

ti-HCV+ and HCV-RNA-, and 2/50 (4.0%) HBsAntigen+

N of participants acute liver disease: 43/50 (86.0%) elevated AST/ALT during chemotherapy; 13/50
(26.0%) elevated bilirubin and γGT during chemotherapy

Follow-up duration: median 3.6 (0.5 to 11.8) yr after end of treatment

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 50/50 (100%); chemotherapy type: nm; chemotherapy dose: nm

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: 50/50 (100%)

Outcomes Method of detection of hepatic late adverse effects: ALT, AST, bilirubin, γGT (frequency of testing nm)

Definition of hepatic late adverse effects: ALT > upper limit of normal (24 U/L), AST > upper limit of nor-
mal (22 U/L), bilirubin > 1.5 mg/dL (normal: 0.3 mg/dL), γGT > 100 U/L (normal: 20 U/L)

N of participants hepatic late adverse effects at end of follow-up: 16/50 (32.0%)

Risk factors: chronic HBV/HCV infection: 13/16 (81.3%) with abnormal liver function tests chronic HBV/
HCV infection versus 2/34 (5.9%) with normal liver function tests chronic HBV/HCV infection (P = 0.001)
(univariable)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Low risk Described study group consisted of more than 90% of the original cohort

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group High risk Type of chemotherapy was not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Ballau� 1999  (Continued)
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Well defined outcome Low risk Outcome definition was objective and precise

Well defined risk estima-
tion

Low risk Chi2 was calculated

Ballau� 1999  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: nm
N of participants described study group: 25
N of participants study group of interest: 25
N of participants with liver function tests: 25

Tumour: ALL
Time period diagnosis/treatment: nm
Age at diagnosis: median 4.4 (1.2 to 15.0) yr
Age at follow-up: median 15.0 (6.8 to 22.0) yr
F/M%: 41/59
BMI: nm

N of participants hepatitis virus infection: 0/23 (0.0%) anti-HCV+ and 0/23 (0.0%) HBsAntigen+

N of participants acute liver disease: 24/25 (96.0%) elevated ALT during chemotherapy and 20/25
(80.0%) elevated ALT at end chemotherapy

Follow-up duration: median 4.2 (1.0 to 7.5) yr after end of treatment
Completion of follow-up: 100%

Interventions N of participants chemotherapy: 25/25 (100%); chemotherapy type: prednisolone, vincristine, daunoru-
bicin, L-asparaginase, methotrexate and 6-mercaptopurine; chemotherapy dose: induction therapy

consisted of daily prednisolone 60 mg/m2 for 4 weeks, 5 doses of weekly vincristine 1.5 mg/m2, 5 dos-

es of weekly daunorubicin 25 mg/m2 and 4 doses of weekly L-asparaginase 10,000 U/m2 or 8 doses of

biweekly L-asparaginase 6000 U/m2. Prophylaxis of central nervous system leukaemia consisted of 5

doses weekly methotrexate 12 mg/m2. Maintenance therapy consisted of daily 6-mercaptopurine and

weekly methotrexate. Initial doses of methotrexate and 6-mercaptopurine were 20 mg/m2 and 50 mg/

m2, respectively. Mean methotrexate dose actually administered: 3.35 ± 1.27 g/m2. Mean 6-mercaptop-

urine dose actually administered: 59.65 ± 21.16 g/m2

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: 23/25 (92.0%)

Outcomes Method of detection of hepatic late adverse effects: ALT, bilirubin, albumin, PTT (measured 3-12 month-
ly 1 yr after the end of treatment)

Definition of hepatic late adverse effects: ALT > upper limit of normal (33.3 IU/L); bilirubin, albumin,
PTT: nm

N of participants hepatic late adverse effects at end of follow-up: ALT: 2/25 (8.0%); bilirubin, albumin
and PTT: 0/25 (0.0%)

Risk factors: not evaluated

Bessho 1994 
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Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Bessho 1994  (Continued)

 
 

Methods Retrospective cohort study

Participants N of participants original cohort: 290

N of participants described study group: 216

N of participants study group of interest: 216

N of participants with liver function tests: 216

Tumour: haematological malignancy: ALL, AML, CML, JMML, MDS, lymphoma (n = 129), benign haema-
tological disease (n = 54), immunological disease (n = 22), other inborn errors (n = 11)

Time period diagnosis/treatment: 1980-2002

Age at diagnosis: nm (age at HSCT: median 7.6 (0.1 to 18.4) yr)

Age at follow-up: nm

F/M%: 40/60

BMI: nm

N of participants hepatitis virus infection: 3/139 (2.1%) anti-HCV+ and 0/183 (0.0%) HBsAntigen+

N of participants acute liver disease: 14/216 (6.5%) SOS and 5/216 (2.3%) acute GVHD

Follow-up duration: 2 yr after HSCT, plus or minus 6 months

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 211/216 (97.7%); chemotherapy type: cyclophosphamide (n = 121), cy-
clophosphamide with busulphan (n = 69), other unspecified (n = 21); chemotherapy dose: nm

Bresters 2008 
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N of participants radiotherapy involving the liver: 132/216 (61.1%); radiotherapy field: TBI/TAI; radio-
therapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: 216/216 (100%)

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT, AST (frequency of testing nm)

Definition of hepatic late adverse effects: ALT and/or AST > upper limit of normal (mean plus 2 standard
deviations as determined in a normal Dutch population)

N of participants hepatic late adverse effects at end of follow-up: 53/216 (24.5%) of whom 17/216
(7.9%) had ALT/AST ≥ 2 times upper limit of normal. In 12/13 (92.3%) participants with ALT/AST ≥ 2 times
upper limit of normal persisting abnormal liver enzymes 3 years after HSCT.

Risk factors: Older age at HSCT: median age 9.9 yr in participants with elevated ALT/AST versus 7.2 yr
in participants with normal ALT/AST (P = 0.027); diagnosis of benign haematological disease (OR, 2.59;
95% CI, 1.32 to 5.05) (P = 0.005); gender, donor type (matched sibling donor, other), stem cell source
(bone marrow, autologous peripheral blood, cord blood), conditioning regimen (cyclophosphamide
with TBI/TAI, cyclophosphamide with busulphan, other) and early post-transplant morbidity (viral reac-
tivation after HSCT, SOS, acute GVHD) (ns) (univariable)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

High risk Described study group consisted of less than 90% of the original cohort and
was no random sample of the original cohort with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group Low risk Type of chemotherapy, location of radiotherapy, and number of participants
with hepatitis virus infection were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Well defined risk estima-
tion

Low risk Odds ratio, mean difference and Chi2 were calculated

Bresters 2008  (Continued)

 
 

Methods Prospective cohort study

Participants N of participants original cohort: 205a

Chotsampancharoen 2009 

Hepatic late adverse e�ects a�er antineoplastic treatment for childhood cancer (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

36



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

N of participants described study group: 133

N of participants study group of interest: 133

N of participants with liver function tests: nm

Tumour: ALL, AML, CML

Time period diagnosis/treatment: 1990-2005

Age at diagnosis: nm (age at HSCT: mean 9.1 ± 5.6 (0.6 to 21.4) yr); age at follow-up: nm

F/M%: 46/54

BMI: nm

N of participants hepatitis virus infection: nm

N of participants acute liver disease: nm

Follow-up duration: mean 5.6 ± 3.5 (1-15) yr after HSCT

Completion of follow-up: unclear

Interventions N of participants chemotherapy: nm; chemotherapy type: nm; chemotherapy dose: nm

N of participants radiotherapy involving the liver: 127/133 (95.5%); radiotherapy field: TBI; radiothera-

py dose: 8-14.4 Gya

N of participants hepatectomy: nm

N of participants BMT: 133/133 (100%)

N of participants blood transfusion: 133/133 (100%)

Outcomes Method of detection of hepatic late adverse effects: ALT, total bilirubin (frequency of testing nm)

Definition of hepatic late adverse effects: nm

N of participants hepatic late adverse effects at end of follow-up: nm

Risk factors: high serum ferritin (iron overload): serum ferritin was positively correlated with ALT (r =
0.17) and total bilirubin (r = 0.21) (P < 0.001) (univariable)

Notes a Reported in Leung 2007

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

High risk Described study group consisted of less than 90% of the original cohort and
was no random sample of the original cohort with respect to cancer treatment

Complete follow-up as-
sessment

Unclear risk Unclear if outcome was assessed for more than 60% of the study group of in-
terest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Chotsampancharoen 2009  (Continued)
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Well defined study group High risk Number of participants with hepatitis virus infection was not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Well defined risk estima-
tion

Low risk Chi2 was calculated

Chotsampancharoen 2009  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: nm

N of participants described study group: 53

N of participants study group of interest: 53

N of participants with liver function tests: 53

N of control participants: 34 healthy subjects pair matched by age and sex

Tumour: ALL

Time period diagnosis/treatment: nm

Age at diagnosis: mean 5.4 ± 3.8 yr (inclusion criteria: 4-20 yr)

Age at follow-up: mean 9.7 ± 4.1 yr

F/M%: 64/36

BMI: standard deviation score 0.9 ± 0.9

N of participants hepatitis virus infection: nm

N of participants acute liver disease: 0 (0%)

Follow-up duration: median 28.5 months (range 3 to 102 months) since end of chemotherapy

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 53 (100%)

Chemotherapy type: methotrexate, mercaptopurine, thioguanine, adriamycin, cytarabine, cyclophos-
phamide, daunorubicin, dexamethasone, asparaginase, prednisone, vincristine

Chemotherapy dose: nm

N of participants radiotherapy involving the liver: 0 (0%)

Radiotherapy field: na

Radiotherapy dose: na

N of participants hepatectomy: 0 (0%)

N of participants BMT: nm

N of participants blood transfusion: nm

Delvecchio 2017 
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Outcomes Method of detection of hepatic late adverse effects: ALT, AST and γGT

Definition of hepatic late adverse effects: nm

N of participants hepatic late adverse effects at end of follow-up: mean ALT participants vs controls: 23
± 6 vs 24 ± 7 IU/mL, P = 0.781, mean AST participants vs controls: 22 ± 6 vs 20 ± 5 IU/mL, P = 0.839; mean
γGT participants vs controls: 16 ± 5 vs 18 ± 6 IU/mL, P = 0.690

Risk factors: mean ALT, AST and γGT were not significantly different in participants with ultra-
sound-negative vs ultrasound-positive steatosis (fatty liver) (P > 0.05) (univariable)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group High risk Number of participants with hepatitis virus infection was not mentioned

Well defined follow-up High risk Exact follow-up duration of the study group was not mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Well defined risk estima-
tion

Low risk ANOVA tests were performed

Delvecchio 2017  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: nm

N of participants described study group: 35

N of participants study group of interest: 35

N of participants with liver function tests: 35

N of control participants: 35 healthy subjects matched by age and sex

Tumour: ALL

Time period diagnosis/treatment: nm

Age at diagnosis: mean 5.86 ± 1.5 yr (all childhood cancer)

El-Rashedy 2017 
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Age at follow-up: mean 11.01 ± 4.6 yr

F/M%: 40/60

BMI: 13 (37.1%) overweight

N of participants hepatitis virus infection: 10 (28.6%) anti-HCV+

N of participants acute liver disease: nm

Follow-up duration: ≥ 5 yr after end of treatment

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 35 (100%)

Chemotherapy type: prednisone, vincristine, daunorubicin, asparaginase, cyclophosphamide, mercap-
topurine, cytarabine, high-dose methotrexate

Chemotherapy dose: nm (St Jude Total XV Chemotherapy Protocol)

N of participants radiotherapy involving the liver: 0 (0%)

Radiotherapy field: na

Radiotherapy dose: na

N of participants hepatectomy: 0 (0%)

N of participants BMT: 0 (0%)

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT, AST, total bilirubin, direct bilirubin, serum fer-
ritin

Definition of hepatic late adverse effects: nm

N of participants hepatic late adverse effects at end of follow-up: mean ALT participants vs controls:
51.8 ± 29.67 vs 26 ± 4.81 IU/L, P = 0.03; mean AST participants vs controls: 47.85 ± 27.86 vs 30 ± 4.41 IU/
L, P = 0.073; mean total bilirubin participants vs controls: 0.6057 ± 0.235 vs 0.46 ± 0.12 mg/dL, P = 0.036;
mean direct bilirubin participants vs controls: 0.18 ± 0.14 vs 0.09 ± 0.05 mg/dL, P = 0.044; mean serum
ferritin participants vs controls: 737.6 ± 99.2 vs 51.6 ± 18.2 ng/mL, P = 0.006

Risk factors: mean ALT after low vs standard-dose asparaginase: 22.7 ± 6.7 vs 95.4 ± 47 IU/L, P < 0.001;
mean AST after low vs standard-dose asparaginase: 29.9 ± 7.3 vs 74.9 ± 44.1 IU/L, P < 0.001; mean total
bilirubin after low vs standard-dose asparaginase: 0.51 ± 0.2 vs 0.74 ± 0.3 mg/dL, P = 0.003; mean direct
bilirubin after low vs standard-dose asparaginase: 0.09 ± 0.02 vs 0.14 ± 0.1 IU/L, P = 0.052; no significant
correlation between serum ferritin and ALT (r = -0.135, P = 0.44), AST (r = -0.155, P = 0.347), total biliru-
bin (r = -0.149, P = 0.393) and direct bilirubin (r = 0.027, P = 0.877) (univariable)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

El-Rashedy 2017  (Continued)
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Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up High risk Exact follow-up duration of the study group was not mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Well defined risk estima-
tion

Low risk Mann-Whitney test was performed

El-Rashedy 2017  (Continued)

 
 

Methods Retrospective cohort study

Participants N of participants original cohort: 31

N of participants described study group: 27

N of participants study group of interest: 27

N of participants with liver function tests: 23

Tumour: neuroblastoma stage 4S (special) (n = 15; 12 liver involvement; neuroblastoma stage 4 (n = 12;
5 liver involvement)

Time period diagnosis/treatment: 1984-2002

Age at diagnosis: median 87 days (2 to 286) days (stage 4S participants); median 176.5 (6 to 297) days
(stage 4 participants)

Age at follow-up: median 16.7 (5.4 to 19.4) yr

F/M%: nm

BMI: nm

N of participants hepatitis virus infection: nm

N of participants acute liver disease: nm

Follow-up duration: range 5.1 to 19.2 yr since diagnosis

Completion of follow-up: 85.2%

Interventions N of participants chemotherapy: 27/27 (100%); chemotherapy type: nm; chemotherapy dose: nm

N of participants radiotherapy involving the liver: 13/27 (48.2%); radiotherapy field: abdomen (n = 12),
TBI (n = 1); radiotherapy dose: range 500 to 2500 cGy

N of participants hepatectomy: nm

N of participants BMT: 4/27 (14.8%)

N of participants blood transfusion: nm

French 2012 
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Outcomes Method of detection of hepatic late adverse effects: ALT, AST, ALP, bilirubin (frequency of testing nm)

Definition of hepatic late adverse effects: ALT > upper limit of normal (40 U/L); AST > upper limit of nor-
mal (36 U/L); ALP > upper limit of normal (140 U/L); unconjugated bilirubin > upper limit of normal (16
μmol/L); conjugated bilirubin > upper limit of normal (2 μmol/L)

N of participants hepatic late adverse effects at end of follow-up: elevated liver enzymes: 3/23 (13.0%),
ALT: 2/23 (8.7%), AST: 3/23 (13.0%), ALP: 1/23 (4.3%), unconjugated bilirubin: 2/23 (8.7%), conjugated
bilirubin: 0/23 (0%)

Risk factors: not evaluated

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

High risk Described study group consisted of less than 90% of the original cohort and
was no random sample of the original cohort with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 60% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group High risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

French 2012  (Continued)

 
 

Methods Retrospective and prospective cohort study

Participants N of participants original cohort: 40

N of participants described study group: 40

N of participants study group of interest: 40

N of participants with liver function tests: 40

Tumour: ALL, AML, NHL, HL (n = 30), non-malignant disease (n = 10)

Time period diagnosis/treatment: from 1985 onwards

Age at diagnosis: nm (age at BMT: median 7.6 (0.5 to 18.2) yra

Age at follow-up: nm

F/M%: 39/61a

BMI: nm

N of participants hepatitis virus infection: 1/40 (2.5%) HCV-RNA+ (persistent HCV)

Frisk 1998 
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N of participants acute liver disease: 52/64 (81.3%) elevated aminotransferases and/or bilirubin early

after BMTa; 3/64 (4.7%) SOSa; 4/64 (6.3%) acute GVHDa

Follow-up duration: median 5.0 (1.0 to 10.0) yr after BMT

Completion of follow-up: 100%

Interventions N of participants chemotherapy: minimal 33/40 (82.5%); chemotherapy type: prednisone, teniposide,
daunorubicin, vincristine, cyclophosphamide, busulphan, BCNU, etoposide, cytarabine, cyclosporin
and methotrexate; chemotherapy dose: nm

N of participants radiotherapy involving the liver: 20/40 (50.0%); radiotherapy field: TBI; radiotherapy
dose: 7.5 Gy

N of participants hepatectomy: nm

N of participants BMT: 40/40 (100%)

N of participants blood transfusion: minimal 1/40 (2.5%)

Outcomes Method of detection of hepatic late adverse effects: ALT, AST, ALP, bilirubin, PTT (measured annually 1
yr after BMT)

Definition of hepatic late adverse effects: nm

N of participants hepatic late adverse effects at end of follow-up: 6/40 (15.0%)

Risk factors: not evaluated

Notes a Data of 64 participants with BMT

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Low risk Described study group consisted of more than 90% of the original cohort

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group Low risk Type of chemotherapy, location of radiotherapy and number of participants
with hepatitis virus infection were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Frisk 1998  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: 4421

N of participants described study group: 2753

Green 2019 
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N of participants study group of interest: 2753

N of participants with liver function tests: 2751

Tumour: various

Time period diagnosis/treatment: 1962-2000

Age at diagnosis: median 7.4 (interquartile range 3.3 to 13.2) yr

Age at follow-up: median 31.4 (interquartile range 25.8 to 37.8) yr

F/M%: 49/51

BMI: 763 (27.7%) overweight, 959 (34.9%) obese

N of participants hepatitis virus infection: 7/73 (9.6%) hepatitis B seropositive, 98/1578 (6.2%) hepatitis
C seropositive

N of participants acute liver disease: 12 (0.4%) SOS

Follow-up duration: median 23.2 (interquartile range 17.6 to 29.7) yr from diagnosis

Completion of follow-up: 99.9%

Interventions N of participants chemotherapy: nm

Chemotherapy type: busulfan (n = 23), carmustine (n = 12), melphalan (n = 5), dactinomycin (n = 400),
asparaginase (n = 918), methotrexate (n = 1328), high-dose methotrexate (n = 747), mercaptopurine (n =
1072), asparaginase (n = 17), thioguanine (n = 26)

Chemotherapy dose: median 15,212.9 (interquartile range 4064.5 to 21,697.3) mg/m2 high-dose
methotrexate, doses of the other chemotherapeutics not mentioned

N of participants radiotherapy involving the liver: 437 (15.9%)

Radiotherapy field: hepatic irradiation (n = 368), TBI (n = 69)

Radiotherapy dose: median percentage of liver that received 10 Gy was 51.4%, median percentage of
liver that received 15 Gy was 34.6%, median percentage of liver that received 20 Gy was 25.3%

N of participants hepatectomy: 24 (0.9%)

N of participants BMT: 76 (2.8%), allogeneic HSCT 47 (1.7%), autologous HSCT 29 (1.1%) (2 participants
included who underwent both allogeneic and autologous HSCT)

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: single measurement of ALT

Definition of hepatic late adverse effects: ALT > upper limit of normal (≥ 19 U/L for females, ≥ 30 U/L for
males, ≥ 40 U/L according to institutional standards)

N of participants hepatic late adverse effects at end of follow-up: ALT > upper limit of normal according
to sex-specific values: 1137/2751 (41.3%); 1058/2751 (38.5%) grade 1, 56/2751 (2.0%) grade 2, 23/2751
(0.8%) grade 3, 0/2751 (0.0%) grade 4;

ALT > upper limit of normal according to institutional values: 419/2751 (15.2%); 17/1225 (1.4%) de-
ceased participants died due to liver disease

Risk factors ALT > upper limit of normal according to sex-specific values using multivariable Poisson re-
gression analysis:

- Radiotherapy involving liver treated to ≥ 15 Gy per 10% volume increase (RR 1.06; 95% CI 1.03 to 1.08)

- Busulfan (RR 1.54; 95% CI 1.02 to 2.33)

Green 2019  (Continued)
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- Thioguanine (RR 1.38; 95% CI 1.02 to 1.85)

- Hepatic surgery (RR 1.90; 95% CI 1.45 to 2.49

- Older age at evaluation per yr (RR 1.01; 95% CI 1.00 to 1.01)

- BMI ≥ 25 (RR 1.60; 95% CI 1.42 to 1.81)

- Hepatitis C (RR 1.76; 95% CI 1.52 to 2.02)

- Metabolic syndrome (RR 1.40; 95% CI 1.26 to 1.55)

- Statins (atorvastatin, rosuvastatin, simvastatin) (RR 1.20; 95% CI 1.02 to 1.42)

- Non-Hispanic white ethnicity (RR 1.37; 95% CI 1.18 to 1.58)

(Analysis with radiotherapy involving liver treated to ≥ 20 Gy provided comparable results)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

High risk Described study group consisted of less than 90% of the original cohort and
was no random sample of the original cohort with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

Low risk Important prognostic factors and follow-up were taken into account

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Well defined risk estima-
tion

Low risk Relative risks were calculated

Green 2019  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: nm

N of participants described study group: 54 with liver biopsy within 3 months after end chemotherapy

N of participants study group of interest: 54

N of participants with liver function tests: 19 with abnormal liver function 3 months after chemotherapy

Tumour: ALL

Guido 1991 
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Time period diagnosis/treatment: 1979-1988

Age at diagnosis: mean 5.0, median 4.5 (1.5 to 11.0) yra

Age at follow-up: nm

F/M%: 49/51a

BMI: nm

N of participants hepatitis virus infection: 6/19 (31.6%) anti-HCV+, 4/19 (21.1%) HBsAntigen+ of whom

1/19 (5.3%) anti-HDV+ co-infection

N of participants acute liver disease: 19/19 (100%) elevated ALT during chemotherapy; liver biopsy
3 months after end chemotherapy: 7/19 (36.8%) fibrosis, 8/19 (42.1%) acute hepatitis, 2/19 (10.5%)
chronic persistent hepatitis, 1/19 (5.3%) chronic lobular hepatitis, 1/19 (5.3%) chronic active hepatitis
and 0/19 (0.0%) cirrhosis

Follow-up duration: mean 3.2 (2 to 7) yr after end of treatmenta

Completion of follow-up: 35.2%

Interventions N of participants chemotherapy: 19/19 (100%); chemotherapy type: vincristine, prednisone, L-asparag-
inase, doxorubicin, daunorubicin, methotrexate, 6-mercaptopurine, cytosine arabinoside, 6-thiogua-
nine, cyclophosphamide, hydroxyurea, BCNU; chemotherapy dose: nm

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: 19/19 (100%)

Outcomes Method of detection of hepatic late adverse effects: ALT (measured 3-6 monthly 1 yr after the end of
treatment)

Definition of hepatic late adverse effects: elevated ALT

N of participants hepatic late adverse effects at end of follow-up: 16/19 (84.2%)

Risk factors: not evaluated

Notes a Data of 72 participants with ALL with liver biopsy within 3 months after chemotherapy

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

High risk Outcome was assessed for less than 60% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Guido 1991  (Continued)
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Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Guido 1991  (Continued)

 
 

Methods Retrospective longitudinal cohort study

Participants N of participants original cohort: nm

N of participants described study group: 276

N of participants study group of interest: 276

N of participants with liver function tests: 267

Tumour: various

Time period diagnosis/treatment: nm

Age at diagnosis: mean 5.4 (range 0.0 to 17.3) yra

Age at follow-up: mean 18.0 (range 6.8 to 37.9) yra

F/M%: 48/52

BMI: 89 (32.2%) overweighta

N of participants hepatitis virus infection: nm

N of participants acute liver disease: nm

Follow-up duration: ≥ 5 yr from end of treatment

Completion of follow-up: 96.7%

Interventions N of participants chemotherapy: 272 (98.6%)a

Chemotherapy type: nm (intrathecal chemotherapy 131 (47.5%)a

Chemotherapy dose: nm

N of participants radiotherapy involving the liver: at least 13 (4.7%)a

Radiotherapy field: TBI

Radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: 32 (11.6%)a

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT and AST

Definition of hepatic late adverse effects: elevated ALT and/or AST not further specified

N of participants hepatic late adverse effects at end of follow-up: 29/267 (10.9%) hypertransami-
nasaemia

Gunn 2016 

Hepatic late adverse e�ects a�er antineoplastic treatment for childhood cancer (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

47



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Risk factors: prevalence hypertransaminasaemia in participants treated with vs without cranial radio-
therapy: 7.6% vs 7.3%, P = 0.003; prevalence hypertransaminasaemia in participants with vs without
overweight: 17.6% vs 8.2% (P = 0.04) (univariable)

Notes a Data of the described study group

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group High risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were not mentioned

Well defined follow-up High risk Exact follow-up duration of the study group was not mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Well defined risk estima-
tion

Low risk Chi-square test and t-tests were performed

Gunn 2016  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: 2843

N of participants described study group: 1713

N of participants study group of interest: 920a

N of participants with liver function tests: 920

Tumour: various

Time period diagnosis/treatment: 1962-2001

Age at diagnosis: mean 7.5 (± 5.5) yr; median 6.0 (0.0 to 24.0) yrb

Age at follow-up: median 32 (18 to 60) yrb

F/M%: 51/49b

BMI: 624/1713 (36.4%) BMI > 30.0b

N of participants hepatitis virus infection: 97/1713 (5.7%) anti-HCV+ and 12/1713 (0.7%) HBsAg+ and an-

ti-HBc+

Hudson 2013 
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N of participants acute liver disease: nm

Follow-up duration: mean 25.6 (± 7.6) yr from diagnosisb; median 25.1 (10.9 to 47.9) yr from diagnosisb

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 834/920 (90.7%) at risk chemotherapy; chemotherapy type: mercap-
topurine and thioguanine; chemotherapy dose: intravenous mercaptopurine: median 1118.6 (200.0 to

12,000.0) mg/m2, oral mercaptopurine: median 21,405.0 (551.0 to 71,288.0) mg/m2

N of participants radiotherapy involving the liver: 87/920 (9.5%) at risk radiotherapy involving liver; ra-

diotherapy field: abdomen; radiotherapy dose: median 2383 (450 to 6840) cGyb

N of participants hepatectomy: nm

N of participants BMT: 23/1713 (1.3%) haematopoietic cell transplantationb

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT, AST, bilirubin (frequency of testing nm)

Definition of hepatic late adverse effects: ALT > upper limit of normal (40 U/L), AST > upper limit of nor-
mal (40 U/L) or bilirubin > upper limit of normal (1 mg/dL)

N of participants hepatic late adverse effects at end of follow-up: at risk: 119/920 (13.0%, 95% CI 10.8
to 15.3), mercaptopurine/thioguanine: 109/834 (13.1%, 95% CI 10.9 to 15.5), radiotherapy involving the
liver: 10/87 (11.4%, 95% CI 5.7 to 20.1); not at risk: 86/793 (10.9%, 95% CI 8.8 to 13.2); grading accord-
ing to Common Terminology Criteria for Adverse Events: 32 (15.6%) grade 1, 132 (64.4%) grade 2, 38
(18.5%) grade 3, 3 (1.5%) grade 4;

Risk factors: high risk cancer treatment exposure (mercaptopurine, thioguanine, and/or radiotherapy
involving the liver) explained 14.5% (95% CI -10.7 to 33.9) (P > 0.05) of the observed liver dysfunction
(univariable)

Notes a High-risk treatment exposure: CCS treated with mercaptopurine, thioguanine and/or radiotherapy in-
volving the liver (dose ≥ 30 Gy)

b Data of the described study group

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

High risk Described study group consisted of less than 90% of the original cohort and
was no random sample of the original cohort with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for mores than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group Low risk Type of chemotherapy, radiotherapy location, and number of participants
with hepatitis virus infection were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Hudson 2013  (Continued)
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Well defined outcome Low risk Outcome definition was objective and precise

Well defined risk estima-
tion

Low risk Attributible fraction was calculated

Hudson 2013  (Continued)

 
 

Methods Retrospective cohort study

Participants N of participants original cohort: nm

N of participants described study group: 34

N of participants study group of interest: 34

N of participants with liver function tests: 34

Tumour: malignant disease (n = 21): ALL, AML, CML, NHL, non-malignant disease (n = 13): AA, other

Time period diagnosis/treatment: 1982-1997

Age at diagnosis: median 10.0 (0.7 to 15.8) yr at SCT

Age at follow-up: median 25.1 (18.0 to 27.7) yr

F/M%: 0/100

BMI: median 19.3 (13.8 to 26.2) kg/m2

N of participants hepatitis virus infection: 2/34 (5.9%) HCV-RNA+ (persistent HCV)

N of participants acute liver disease: nm

Follow-up duration: median 16.3 (6.7 to 27.7) yr after SCT

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 34/34 (100%); chemotherapy type: cyclophosphamide, methotrexate,
cyclosporine; chemotherapy dose: nm

N of participants radiotherapy involving the liver: 28/34 (82.4%); radiotherapy field: thoraco-abdominal
(n = 8), TBI (n = 20); radiotherapy dose: 8-12 Gy TBI; 6-8 Gy TAI

N of participants hepatectomy: nm

N of participants BMT: 34/34 (100%) allogeneic stem cell transplantation

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT, AST, γGT (frequency of testing nm)

Definition of hepatic late adverse effects: elevated ALT, AST, γGT

N of participants hepatic late adverse effects at end of follow-up: 0/34 (0%) elevated liver enzymes (1
participant transient increase in transaminase levels)

Risk factors: median γGT levels, albeit the normal range, were significantly higher in participants with
fatty liver as compared to participants without fatty liver (P = 0.042); median ALT and AST levels were
not significantly different between participants with and without fatty liver (P > 0.05) (univariable)

Hyodo 2012 
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Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group Low risk Type of chemotherapy, radiotherapy location, and number of participants
with hepatitis virus infection were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Well defined risk estima-
tion

Low risk Mean difference was calculated

Hyodo 2012  (Continued)

 
 

Methods Retrospective cohort study

Participants N of participants original cohort: nm

N of participants described study group: 91

N of participants study group of interest: 91

N of participants with liver function tests: 64

Tumour: Wilms' tumour

Time period diagnosis/treatment: 1986-2006

Age at diagnosis: range 0.2 to 10.9 yra

Age at follow-up: nm

F/M%: 40/60a

BMI: nm

N of participants hepatitis virus infection: nm

N of participants acute liver disease: minimal 13/64 (20.3%) SOS

Follow-up duration: ≥ 5 yr after end of treatment

Jagt 2009 
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Completion of follow-up: 70.3%

Interventions N of participants chemotherapy: 64/64 (100%); chemotherapy type: vincristine, actinomycin, epirubicin
and doxorubicin; chemotherapy dose: weekly 1.5 mg/kg vincristine, 4 courses 15 μg/kg actinomycin
on 3 subsequent days, or 2 courses 15 μg/kg actinomycin on 3 subsequent days, or 2 courses 45 μg/kg

actinomycin once every 2 weeks, and 2 courses 50 mg/m2 epirubicin or doxorubicin

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT, AST, γGT, ALP (frequency of testing nm)

Definition of hepatic late adverse effects: any value higher than age-dependent upper limit of normal

N of participants hepatic late adverse effects at end of follow-up: 33/64 (51.6%)

Risk factors: not evaluated

Notes a Data of 91 participants in the described study group

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 60% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group High risk Number of participants with hepatitis virus infection was not mentioned

Well defined follow-up High risk Length of follow-up was not mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Jagt 2009  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: nm

N of participants described study group: 370

N of participants study group of interest: 266a

N of participants with liver function tests: 263

Tumour: various

Time period diagnosis/treatment: nm

Landier 2012 
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Age at diagnosis: median 10.2 (0.3 to 21.9) yr

Age at follow-up: median 28.3 (8 to 58) yr

F/M%: 45/55

BMI: nm

N of participants hepatitis virus infection: 13/146 (8.9%) of tested participants HCV-RNA+ (persistent
HCV) (9 diagnosed before routine screening, 4 during screening) and 0/29 (0%) tested participants HB-

sAg+and anti-HBc+

N of participants acute liver disease: 44.2% out of 93 CCS treated with HSCT have chronic gra--ver-
sus-host-disease

Follow-up duration: median 10.4 (5.0 to 37.8) yr from diagnosis

Completion of follow-up: 98.9%

Interventions N of participants chemotherapy: 351/370 (94.9%)b; chemotherapy type: methotrexate, mercaptop-
urine, thioguanine, cytarabine; chemotherapy dose: high-dose methotrexate: median 7970 (1000 to

257,000) mg/m2, low-dose methotrexate: median 1295 (20 to 13,400) mg/m2, mercaptopurine: median

40,300 (250 to 92,400) mg/m2, thioguanine: median 1580 (520 to 48,730) mg/m2, high-dose cytarabine:

median 11400 (1750 to 53,130) mg/m2, low-dose cytarabine: median 1200 (75 to 18,000) mg/m2

N of participants radiotherapy involving the liver: nm; radiotherapy field: abdomen;

radiotherapy dose: median 38 (30 to 76) Gyb

N of participants hepatectomy: nm

N of participants BMT: 93/263 (35.4%) haematopoietic cell transplantation (44% autologous, 56% allo-
geneic)

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT, AST, bilirubin (frequency of testing nm)

Definition of hepatic late adverse effects: ALT ≥ 2 times upper limit of normal (> 56 U/L) or AST ≥ 2 times
upper limit of normal (> 46 U/L) or total bilirubin > upper limit of normal (1.5 mg/dL)

N of participants hepatic late adverse effects at end of follow-up: 10/263 (3.8%) diagnosed during fol-
low-up; 3 diagnosed before routine screening, so total prevalence: 13/266 (4.9%); ALT: 6/263 (2.3%),
AST: 6/263 (2.3%), ALT and AST: 5/263 (1.9%), ALT or AST: 7/263 (2.7%), bilirubin: 3/263 (1.1%)

Risk factors: not evaluated

Notes a High-risk treatment exposure: CCS treated with methotrexate, mercaptopurine, thioguanine, cytara-
bine, radiotherapy involving the liver (dose ≥ 30 Gy) and/or haematopoietic cell transplantation

b Data of the described study group

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Landier 2012  (Continued)
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Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group Low risk Type of chemotherapy, radiotherapy location, and number of participants
with hepatitis virus infection were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Landier 2012  (Continued)

 
 

Methods Retrospective and prospective cohort study

Participants N of participants original cohort: nm

N of participants described study group: 70 with abnormal liver function during chemotherapy

N of participants study group of interest: 70

N of participants with liver function tests: 56

Tumour: ALL, ANLL

Time period diagnosis/treatment: 1972-1981

Age at diagnosis: mean 8 (4 to 19) yra

Age at follow-up: nm

F/M%: 43/57b

BMI: nm

N of participants hepatitis virus infection: 30/56 (53.6%) HBV markers (i.e. antigens or antibodies for
HBV)

N of participants acute liver disease: 56/56 (100%) elevated ALT/AST during chemotherapy; liver biopsy
in 38 participants at end chemotherapy: 5/38 (13.1%) chronic lobular hepatitis, 17/38 (44.7%) chronic
persistent hepatitis and 9/38 (23.6%) chronic active hepatitis

Follow-up duration: mean 2.0 (0.5 to 7.0) yr after end of treatment

Completion of follow-up: 80.0%

Interventions N of participants chemotherapy: 56/56 (100%); chemotherapy type: vincristine, prednisone, 6-mercap-
topurine, methotrexate, vinblastine, L-asparaginase, daunorubicin, cytosine arabinoside, doxorubicin,
cyclophosphamide, 6-thioguanine; chemotherapy dose: nm

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: 53/56 (94.6%)

Outcomes Method of detection of hepatic late adverse effects: ALT, AST (measured 3-6 monthly)

Definition of hepatic late adverse effects: ALT/AST > 3 times upper limit of normal (60 IU/L) for ≥ 6
months

Locasciulli 1983 
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N of participants hepatic late adverse effects at end of follow-up: ≥ 6 months: 22/56 (39.3%), < 6
months: 10/56 (17.9%)

Risk factors: cleared or persistent chronic HBV infection: 17/22 (77.3%) with persistently high transam-
inases HBV markers versus 3/24 (12.5%) with normal transaminases HBV markers (P < 0.001); histolog-
ical diagnosis of chronic hepatitis: 19/27 (70.4%) with histological diagnosis of chronic hepatitis persis-
tently elevated transaminases versus 1/4 (25.0%) with minimal changes persistently elevated transami-
nases (P < 0.005) (univariable)

Notes a Data of 103 participants with ALL/ANLL

b Data of 70 participants in the original cohort

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 60% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Well defined risk estima-
tion

Low risk Chi2 was calculated

Locasciulli 1983  (Continued)

 
 

Methods Prospective cohort study

Participants N of participants original cohort: nm

N of participants described study group: 89 with abnormal liver function during chemotherapy

N of participants study group of interest: 89

N of participants with liver function tests: 48

Tumour: ALL, ANLL

Time period diagnosis/treatment: 1979

Age at diagnosis: mean 4.8 (0.3 to 14.0) yra

Age at follow-up: nm

Locasciulli 1985 
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F/M%: 46/54a

BMI: nm

N of participants hepatitis virus infection: 23/48 (47.9%) HBsAntigen+

N of participants acute liver disease: 48/48 (100%) elevated ALT during chemotherapy

Follow-up duration: mean 2.8 (0.5 to 4.1) yr after end of treatment

Completion of follow-up: 53.9%

Interventions N of participants chemotherapy: 48/48 (100%); chemotherapy type: vincristine, prednisone, 6-mercap-
topurine, methotrexate, L-asparaginase, cytosine arabinoside, 6-thioguanine, doxorubicin, cyclophos-
phamide, BCNU, daunorubicin; chemotherapy dose: nm

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT (frequency of testing nm)

Definition of hepatic late adverse effects: ALT > 3 times upper limit of normal (60 IU/L) for ≥ 6 months

N of participants hepatic late adverse effects at end of follow-up: 33/48 (68.8%)

Risk factors: not evaluated

Notes a Data of 164 participants with ALL/ANLL

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

High risk Outcome was assessed for less than 60% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Locasciulli 1985  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: 174

Locasciulli 1991a 
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N of participants described study group: 50 with abnormal liver function during chemotherapy

N of participants study group of interest: 50

N of participants with liver function tests: 50

Tumour: ALL (n = 40), AML (n = 8), CML (n = 1), RAEB (n = 1)

Time period diagnosis/treatment: 1969-1989

Age at diagnosis: mean 5.8 (0.8 to 16.6) yr

Age at follow-up: nm

F/M%: 40/60

BMI: nm

N of participants hepatitis virus infection: 12/50 (24.0%) anti-HCV+ and RIBA+, and 14/50 (28.0%) HB-

sAntigen+

N of participants acute liver disease: 50/50 (100%) elevated ALT during chemotherapy; liver biopsy in 37
participants at end chemotherapy: 7/37 (18.9%) nonspecific reactive hepatitis, 13/37 (35.1%) chronic
lobular hepatitis, 12/37 (32.4%) chronic persistent hepatitis and 10/37 (27.0%) chronic active hepatitis

Follow-up duration: mean 6.2 ± 3.4 (1.0 to 12.6) yr after end of treatment

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 50/50 (100%); chemotherapy type: nm; chemotherapy dose: nm

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: 13/50 (26.0%)

N of participants blood transfusion: 48/50 (96.0%)

Outcomes Method of detection of hepatic late adverse effects: ALT (measured 3-6 monthly)

Definition of hepatic late adverse effects: ALT > upper limit of normal (40 IU/L)

N of participants hepatic late adverse effects at end of follow-up: 20/50 (40.0%)

Risk factors: Chronic HCV infection: 11/12 (91.7%) with chronic HCV infection persistently elevated ALT
versus 8/27 (29.6%) without chronic HCV infection persistently elevated ALT (P = 0.0012) (univariable)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

High risk Described study group consisted of less than 90% of the original cohort and
was no random sample of the original cohort with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Locasciulli 1991a  (Continued)

Hepatic late adverse e�ects a�er antineoplastic treatment for childhood cancer (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

57



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group High risk Type of chemotherapy was not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Well defined risk estima-
tion

Low risk Mean difference was calculated

Locasciulli 1991a  (Continued)

 
 

Methods Prospective cohort study

Participants N of participants original cohort: 125

N of participants described study group: 114

N of participants study group of interest: 114

N of participants with liver function tests: 114

Tumour: ALL, AML

Time period diagnosis/treatment: 1968-1982

Age at diagnosis: mean 4 ± 2.6 yr

Age at follow-up: nm

F/M%: 48/52

BMI: nm

N of participants hepatitis virus infection: 28/114 (24.6%) HCV-RNA+ (persistent HCV), and 19/114

(16.7%) anti-HCV+and HCV-RNA-

N of participants acute liver disease: 54/111 (48.7%) elevated ALT at end chemotherapy; liver biopsy in
36 participants at end chemotherapy: 5/36 (13.9%) nonspecific reactive hepatitis, 9/36 (25.0%) chronic
lobular hepatitis, 15/36 (41.7%) chronic persistent hepatitis and 7/36 (19.4%) chronic active hepatitis

Follow-up duration: mean 17 ± 3.2 (13 to 27) yr after end of treatment

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 114/114 (100%); chemotherapy type: nm; chemotherapy dose: nm

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT (measured yearly), liver biopsy (n = 2 at fol-
low-up of 5 and 7 yr, respectively)

Locasciulli 1997a 
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Definition of hepatic late adverse effects: ALT > upper limit of normal (42 IU/L)

N of participants hepatic late adverse effects at end of follow-up: ALT: 33/114 (28.9%) of whom 4/114
(3.5%) had constantly abnormal values and 29/114 (25.4%) fluctuations from normal to abnormal val-
ues; liver biopsy: 1/2 (50.0%) chronic persistent hepatitis, 1/2 (50.0%) chronic lobular hepatitis

Risk factors: chronic HCV infection: 22/28 (78.6%) with chronic HCV infection elevated ALT versus 11/86
(12.8%) without chronic HCV infection elevated ALT (P = 0.008) (univariable)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Low risk Described study group consisted of more than 90% of the original cohort

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Unclear risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding; unclear if the outcome as-
sessors of the biopsies were blinded

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group High risk Type of chemotherapy was not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Well defined risk estima-
tion

Low risk Chi2 was calculated

Locasciulli 1997a  (Continued)

 
 

Methods Prospective cohort study

Participants N of participants original cohort: 53

N of participants described study group: 53

N of participants study group of interest: 53

N of participants with liver function tests: 53

Tumour: malignant disease (n = 42): ALL, AML, CML, JCML, Histiocytosis X, non-malignant disease (n =
11): SAA, RAEB

Time period diagnosis/treatment: 1985-1995

Age at diagnosis: nm (age at BMT: mean 9.4 (0.9 to 18.0) yra

Age at follow-up: nm

F/M%: 34/66a

Locasciulli 1997b 
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BMI: nm

N of participants hepatitis virus infection: minimal 9/53 (17.0%) HCV-RNA+ (persistent HCV), minimal

5/53 (9.4%) anti-HCV+ and HCV-RNA-, and 2/53 (3.8%) HBsAntigen+

N of participants acute liver disease: 82/111 (73.9%) elevated ALT after BMTa; 4/111 (3.6%) SOS leading

to multi-organ failurea

Follow-up duration: range 1.3 to 10.9 yr after BMT

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 53/53 (100%); chemotherapy type: cyclophosphamide, cytarabine,
vincristine, etoposide, busulphan, melphalan, cyclosporine and methotrexate; chemotherapy dose:
120 mg/kg cyclophosphamide was given as 2 daily doses of 60 mg/kg, alone, or in combination with

high-dose cytarabine 3 mg/m2 for 2 days, high-dose vincristine 4 mg/m2 in 4 days, etoposide 60mg/

kg in 1 day, busulphan 16 mg/kg as 4 daily doses and melphalan 140 mg/m2. Children with SAA were
conditioned with 200 mg/kg cyclophosphamide given in divided doses on 4 days. Cyclosporine and
methotrexate dose: nm

N of participants radiotherapy involving the liver: nm (76/111 (68.5%))a; radiotherapy field: TBI; radio-
therapy dose: 12 Gy

N of participants hepatectomy: nm

N of participants BMT: 53/53 (100%)

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT (measured 3-monthly)

Definition of hepatic late adverse effects: ALT > upper limit of normal (42 IU/L) for ≥ 6 months

N of participants hepatic late adverse effects at end of follow-up: 28/53 (52.8%)

Risk factors: not evaluated

Notes a Data of 111 participants with BMT

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Low risk Described study group consisted of more than 90% of the original cohort

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group Low risk Type of chemotherapy, location of radiotherapy, and number of participants
with hepatitis virus infection were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Locasciulli 1997b  (Continued)
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Methods Prospective cohort study

Participants N of participants original cohort: nm

N of participants described study group: 132

N of participants study group of interest: 132

N of participants with liver function tests: 105

Tumour: ALL

Time period diagnosis/treatment: 1984-1990

Age at diagnosis: nm

Age at follow-up: nm

F/M%: 42/58a

BMI: nm (one participant with obesity)

N of participants hepatitis virus infection: 9/105 (8.6%) HCV infection (not further specified in paper)

N of participants acute liver disease: nm

Follow-up duration: nm

Completion of follow-up: 79.5%

Interventions N of participants chemotherapy: 105/105 (100%); chemotherapy type: vincristine, prednisolone, L-as-
paraginase, daunorubicin, cytosine arabinoside, methotrexate, 6-mercaptopurine, enocitabine, dox-

orubicin, dexamethasone and cyclophosphamidea; chemotherapy dose: induction consisted of 4 times

2 mg/m2 vincristine, 4 weeks 60 mg/m2 prednisolone, 7 times 10,000 U/m2 L-asparaginase, 2 times 25

mg/m2 daunorubicin and 4 times 500 mg/m2 cytosine arabinoside. Consolidation consisted of 300 +

400 mg/m2 or 2 times 500 mg/m2 methotrexate, 14 days 120 mg/m2 6-mercaptopurine and 8 times 150

mg/m2 enocitabine. Reinduction consisted of 4 times 2 mg/m2 vincristine, 2 to 4 weeks 8 mg/m2 dex-

amethasone, 4 times 1 g/m2 high-dose cytosine arabinoside and 1 time 10,000 U/m2 L-asparaginase.

Maintenance consisted of 4 days 120 mg/m2 6-mercaptopurine, 600 mg/m2 intravenous cyclophos-

phamide, 4 days 70 mg/m2 cyclophosphamide by mouth, 45 mg/m2 daunorubicin, 200 mg/m2 cytosine

arabinoside, 4 days 10 mg/m2 methotrexate and 2 mg/m2 vincristinea

N of participants radiotherapy involving the liver: 0 (0.0%); radiotherapy field: not applicable; radio-
therapy dose: not applicable

N of participants hepatectomy: nm

N of participants BMT: 0 (0.0%)

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: transaminase (frequency of testing nm)

Definition of hepatic late adverse effects: transaminase < 100 IU/L

N of participants hepatic late adverse effects at end of follow-up: 19/105 (18.1%)

Risk factors: not evaluated

Notes a Data of 187 participants with ALL

Matsuzaki 2001 
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Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 60% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up High risk Length of follow-up was not mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Matsuzaki 2001  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: 1795

N of participants described study group: 1404

N of participants study group of interest: 1404

N of participants with liver function tests: 1362

Tumour: various

Time period diagnosis/treatment: 1966-2003

Age at diagnosis: median 5.9 (0.0 to 17.8) yr

Age at follow-up: median 19.5 (5.8 to 47) yr

F/M%: 46/54

BMI: nm

N of participants hepatitis virus infection: 0/1362 (0.0%) (participants with hepatitis virus infection ex-
cluded according to eligibility criteria for the study)

N of participants acute liver disease: 0/1362 (0.0%) SOS (participants with SOS excluded according to
eligibility criteria for the study)

Follow-up duration: median 12.4 (5.0 to 36.1) yr from diagnosis

Completion of follow-up: 97.0%

Interventions N of participants chemotherapy: 1204/1362 (88.4%); chemotherapy type: methotrexate (n = 392),
mercaptopurine (n = 352), thioguanine (n = 98), dactinomycin (n = 397), busuphan (n = 10), other an-
timetabolites (n = 426), other cytotoxic antibiotics (n = 633), other alkylating agents (n = 715), plant al-
kaloids (n = 1115), other chemotherapeutics (n = 837); chemotherapy dose: nm

Mulder 2013 
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N of participants radiotherapy involving the liver: 123/1362 (9.0%); radiotherapy field: abdomen (n =
102), TBI (n = 21); radiotherapy dose: median 20.0 (5.0 to 46.0) yr

N of participants hepatectomy: 35/1362 (2.6%)

N of participants BMT: 61/1362 (4.5%)

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: single measurement ALT and γGT

Definition of hepatic late adverse effects: hepatocellular injury: ALT > upper limit of normal (≥ 34 U/L for
females, ≥ 45 U/L for males and children < 15 years); biliary tract injury: γGT > upper limit of normal (≥
40 U/L for females, ≥ 60 U/L for males, ≥ 56 U/L for children < 15 years)

N of participants hepatic late adverse effects at end of follow-up: ALT or γGT > upper limit of normal:
118/1362 (8.7%); hepatocellular injury: 79/1362 (5.8%) ALT > upper limit of normal, 12/1362 (0.9%) ALT >
two times upper limit of normal; biliary tract injury (1295 survivors tested): 68/1295 (5.3%) γGT > upper
limit of normal, 12/1295 (0.9%) γGT > two times upper limit of normal; no participant had end-stage liv-
er failure

Risk factors: Risk factors ALT > upper limit of normal using multivariable logistic regression analysis:

- Radiotherapy involving liver (OR 2.34; 95% CI 1.07 to 5.13)

- Higher BMI z-score (OR 1.67; 95% CI 1.37 to 2.03)

- Alcohol intake of > 14 units per week (OR 2.53; 95% CI 1.04 to 6.18)

- Longer follow-up time (OR 1.10; 95% CI 1.05 to 1.15)

- Non-significant factors (P > 0.05): methotrexate, mercaptopurine, thioguanine, dactinomycin, busul-
phan, other antimetabolites, other cytotoxic antibiotics, other alkylating agents, plant alkaloids, other
chemotherapeutic agents, liver resection, gender, alcohol intake < 7 units per week, alcohol intake 7-14
units per week, age at cancer diagnosis;

Risk factors γGT > upper limit of normal using multivariable logistic regression analysis:

- Radiotherapy involving liver (OR 5.45; 95% CI 2.51 to 11.82)

- Higher BMI z-score (OR 1.43; 95% CI 1.14 to 1.81)

- Alcohol intake of > 14 units per week (OR 3.04; 95% CI 1.16 to 7.96)

- Older age at cancer diagnosis (OR 1.08; 95% CI 1.01 to 1.15)

- Longer follow-up time (OR 1.13; 95% CI 1.07 to 1.18)

- Non-significant factors (P > 0.05): methotrexate, mercaptopurine, thioguanine, dactinomycin, busul-
phan, other antimetabolites, other cytotoxic antibiotics, other alkylating agents, plant alkaloids, other
chemotherapeutic agents, liver resection, gender, alcohol intake < 7 units per week, alcohol intake 7-14
units per week

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

High risk Described study group consisted of less than 90% of the original cohort and
was no random sample of the original cohort with respect to cancer treatment

Mulder 2013  (Continued)
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Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

Low risk Important prognostic factors and follow-up were taken into account

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Well defined risk estima-
tion

Low risk Odds ratios were calculated

Mulder 2013  (Continued)

 
 

Methods Retrospective cohort study

Participants N of participants original cohort: nm

N of participants described study group: 39

N of participants study group of interest: 39

N of participants with liver function tests: 39

Tumour: ALL

Time period diagnosis/treatment: 1971-1980

Age at diagnosis: nm

Age at follow-up: nm

F/M%: nm

BMI: nm

N of participants hepatitis virus infection: 5/39 (12.8%) HBsAntigen+ of whom 3/39 (7.7%) anti-HDV+ co-
infection

N of participants acute liver disease: 50/79 (63.3%) elevated ALT during maintenance therapya

Follow-up duration: range 1.0 to 8.3 yr after end of treatment

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 39/39 (100%); chemotherapy type: vincristine, 6-mercaptopurine,
methotrexate, asparaginase, cyclophosphamide, daunorubicin, hydroxyurea and prednisone;
chemotherapy dose: nm

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

Ratner 1986 
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N of participants BMT: nm

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT (measured 6-monthly), liver biopsy (n = 3)

Definition of hepatic late adverse effects: ALT > 2 times upper limit of normal (90 U/L)

N of participants hepatic late adverse effects at end of follow-up: ALT: 9/39 (23.1%); liver biopsy: 3/3
(100%) cirrhosis

Risk factors: not evaluated

Notes a Data of 79 participants with ALL

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Unclear risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding; unclear if the outcome as-
sessors of the biopsies were blinded

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Ratner 1986  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: nm

N of participants described study group: 145

N of participants study group of interest: 145

N of participants with liver function tests: 96

Tumour: ALL

Time period diagnosis/treatment: 1967-1983

Age at diagnosis: nm

Age at follow-up: range 6 to 26 yr

F/M%: 49/51

BMI: nm

Rossetti 1991 
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N of participants hepatitis virus infection: 60/96 (62.5%) HBsAntigen+ of whom 30/96 (31.3%) anti-HDV+

co-infection

N of participants acute liver disease: 40/96 (41.7%) elevated ALT during chemotherapy; liver biopsy in
72 participants within 3 months after chemotherapy: 27/72 (37.5%) chronic active hepatitis or cirrhosis
and 10/72 (13.9%) chronic persistent/lobular hepatitis

Follow-up duration: range 4 to 20 yr from diagnosis, ≥ 2.0 yr after end of treatment Completion of fol-
low-up: 66.2%

Interventions N of participants chemotherapy: 96/96 (100%); chemotherapy type: vincristine, L-asparaginase, dox-
orubicin, daunorubicin, methotrexate (high-dose) 6-mercaptopurine, cytosine arabinoside, 6-thiogua-
nine, cyclophosphamide, hydroxyurea and BCNU; chemotherapy dose: nm

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT (measured 3-monthly), albumin (frequency of
testing nm)

Definition of hepatic late adverse effects: ALT > 2 times upper limit of normal (100 IU/L); Albumin nm

N of participants hepatic late adverse effects at end of follow-up: ALT: 43/96 (44.8%); Albumin: 0/96
(0.0%)

Risk factors: chronic HBV-HDV co-infection and chronic HBV infection: 27/30 (90.0%) with chronic HBV-
HDV co-infection elevated ALT versus 10/26 (38.5%) with chronic HBV infection elevated ALT versus 6/40
(15.0%) without chronic HBV infection elevated ALT (P < 0.02) (univariable)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 60% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Rossetti 1991  (Continued)
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Well defined risk estima-
tion

Low risk Chi2 was calculated

Rossetti 1991  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: nm

N of participants described study group: 63

N of participants study group of interest: 63

N of participants with liver function tests: nm

Tumour: ALL (n = 21), AML (n = 13), brain/CNS tumour (n = 4), osteosarcoma (n = 2), Ewing sarcoma (n =
3), so- tissue sarcoma (n = 3), Hodgkin lymphoma (n = 3), non-Hodgkin lymphoma (n = 4), neuroblas-
toma (n = 2), Wilms tumour (n = 4), aplastic anaemia (n = 1), paroxysmal nocturnal haemoglobinuria (n
= 1), histiocytosis (n = 1), leukodystrophy (n = 1)

Time period diagnosis/treatment: nm

Age at diagnosis: oncology participants treated without HSCT median 3.7 (range 0.9 to 17.9) yr, allo-
geneic HSCT participants median 3.8 (range 0.2 to 15.7) yr, autologous HSCT participants median 6.2
(range 2.2 to 18.9) yr

Age at follow-up: oncology participants treated without HSCT median 18.8 (range 7.9 to 39.2) yr, allo-
geneic HSCT participants median 16.4 (range 6.2 to 34.6) yr, autologous HSCT participants median 20.8
(range 9.9 to 28) yr

F/M%: 43/57

BMI: nm

N of participants hepatitis virus infection: nm

N of participants acute liver disease: nm

Follow-up duration from diagnosis: oncology participants treated without HSCT median 10.4 (range 4.7
to 36.0) yr, allogeneic HSCT participants median 8.0 (range 4.4 to 25.0) yr, autologous HSCT participants
median 9.1 (range 4.3 to 19.4) yr

Completion of follow-up: unclear

Interventions N of participants chemotherapy: nm

Chemotherapy type: nm

Chemotherapy dose: nm

N of participants radiotherapy involving the liver: nm

Radiotherapy field: nm

Radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: 36 (57.1%), 27 allogeneic HSCT, 9 autologous HSCT

N of participants blood transfusion: 63 (100%)

Schempp 2016 
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Outcomes Method of detection of hepatic late adverse effects: ALT, AST, bilirubin, iron overload

Definition of hepatic late adverse effects: abnormal levels of ALT, AST and bilirubin not further specified;
iron overload defined as serum ferritin > 1000 ng/mL

N of participants hepatic late adverse effects at end of follow-up: total group 9/63 (14.3%), oncology
participants treated without HSCT 3/27 (11.1%) of which 1 elevated AST and 1 elevated bilirubin, allo-
geneic HSCT participants 6/27 (22.2%) of which 5 elevated ALT and/or AST and 1 elevated bilirubin, au-
tologous HSCT participants 0/9 (0%)

Risk factors: serum ferritin not associated with liver abnormalities defined as elevated ALT, AST or
bilirubin (univariable)

Notes Although cancer treatment of the non-HSCT participants was not reported in this study, we assumed
that those participants had been treated for their malignancy.

The prevalence of hepatic late effects was presented as the best case scenario as it was unclear how
many participants had a liver function test.

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Unclear risk Unclear if the outcome was assessed for more than 60% of the study group of
interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group High risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome High risk The upper limits of normal for liver function measures were not described

Well defined risk estima-
tion

High risk No risk estimation reported

Schempp 2016  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: nm

N of participants described study group: 300

N of participants study group of interest: 300

N of participants with liver function tests: nm

Seth 2017 
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Tumour: ALL, AML, Ewing sarcoma, Hodgkin lymphoma, non-Hodgkin lymphoma, retinoblastoma,
rhabdomyosarcoma, Langerhas cell histiocytosis, other

Time period diagnosis/treatment: nm

Age at diagnosis: median 5 (interquartile range 3.7 to 9.2) yr

Age at follow-up: median 14 (interquartile range 12.1 to 14.4) yr

F/M%: 4.6:1

BMI: nm

N of participants hepatitis virus infection: 33/110 tested participants (30.0%) HBsAg+

N of participants acute liver disease: nm

Follow-up duration since diagnosis: median 9 (interquartile range 7.0 to 9.3) yr, longest 29 yr (all partici-
pants completed five years of follow up in the after-treatment completion clinic)

Completion of follow-up: unclear

Interventions N of participants chemotherapy: 300 (100%)

Chemotherapy type: nm

Chemotherapy dose: nm

N of participants radiotherapy involving the liver: nm (maximum 2 participants, because 72 partici-
pants treated with radiotherapy. These included 60 ALL who received cranial RT, four Hodgkin lym-
phoma (neck and mediastinum), six retinoblastoma, one Ewing sarcoma, and one rhabdomyosarco-
ma).

Radiotherapy field: nm

Radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: 110 (36.7%)

Outcomes Method of detection of hepatic late adverse effects: liver enzymes not further specified

Definition of hepatic late adverse effects: nm

N of participants hepatic late adverse effects at end of follow-up: 6/300 (2.0%) elevated liver enzymes
and 1 participant died of liver failure

Risk factors: not evaluated

Notes The prevalence of hepatic late effects was presented as the best case scenario as it was unclear how
many participants had a liver function test.

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Seth 2017  (Continued)
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Complete follow-up as-
sessment

Unclear risk Unclear if the outcome was assessed for more than 60% of the study group of
interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group High risk Type of chemotherapy not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome High risk The upper limits of normal for liver function measures were not described

Seth 2017  (Continued)

 
 

Methods Cohort study

Participants N of participants original cohort: 138

N of participants described study group: 105

N of participants study group of interest: 105

N of participants with liver function tests: 104

Tumour: AML

Time period diagnosis/treatment: 1984-2003

Age at diagnosis: range 0 to 17 yr

Age at follow-up: median 16 (5 to 37) yr

F/M%: 56/44

BMI: nm

N of participants hepatitis virus infection: 1/102 (1.0%) chronic active HBV (not further specified in pa-
per); 2/102 (2.0%) chronic active HCV (not further specified in paper)

N of participants acute liver disease: nm

Follow-up duration: median 11 (4 to 25) yr from diagnosis

Completion of follow-up: 99.0%

Interventions N of participants chemotherapy: 104/104 (100%); chemotherapy type: cytarabine, anthracyclines, 6-

thioguanine and etoposide; chemotherapy dose: 50-60 g/m2 cytarabine, 300-450 mg/m2 anthracy-

clines, 800-2400 mg/m2 6-thioguanine and 1600 mg/m2 etoposide

N of participants radiotherapy involving the liver: 0/104 (0%); radiotherapy field: na; radiotherapy dose:
na

N of participants hepatectomy: 0/104 (0%)

N of participants BMT: 0/104 (0%)

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT, AST, ALP, bilirubin, prothrombin ratio, albumin
(frequency of testing nm)

Skou 2014 
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Definition of hepatic late adverse effects: ALT > upper limit of normal, AST > upper limit of normal, ALP >
upper limit of normal, bilirubin > upper limit of normal, prothrombin ratio nm, albumin nm

N of participants hepatic late adverse effects at end of follow-up: ALT: 6/104 (5.8%); AST: 1/88 (1.1%);
ALP: 11/99 (11.1%); bilirubin: 1/104 (1.0%); prothrombin ratio: 4/29 (13.8%); albumin: 14/97 (14.4%)

Risk factors: not evaluated

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

High risk Described study group consisted of less than 90% of the original cohort and
was no random sample of the original cohort with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Skou 2014  (Continued)

 
 

Methods Retrospective cohort study

Participants N of participants original cohort: 26

N of participants described study group: 26

N of participants study group of interest: 26

N of participants with liver function tests: 26

Tumour: hepatoblastoma

Time period diagnosis/treatment: 1981-1993

Age at diagnosis: median 1.3 (0.0 to 12.0) yra

Age at follow-up: nm

F/M%: 39/61a

BMI: nm

N of participants hepatitis virus infection: nm

N of participants acute liver disease: nm

Follow-up duration: median 5.3 (0.1 to 12.2) yr

Stringer 1995 
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Completion of follow-up: 100%

Interventions N of participants chemotherapy: 24/26 (92.3%); chemotherapy type: cisplatin, doxorubicin, carboplatin

and etoposide; chemotherapy dose: 3-weekly cisplatin (80-100 mg/m2) and doxorubicin (50-60 mg/m2)

N of participants radiotherapy involving the liver: 2/26 (7.7%); radiotherapy field: nm; radiotherapy
dose: nm

N of participants hepatectomy: 26/26 (100%)

N of participants BMT: nm

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: biochemical liver function tests (frequency of test-
ing nm)

Definition of hepatic late adverse effects: nm

N of participants hepatic late adverse effects at end of follow-up: 0/26 (0.0%)

Risk factors: not evaluated

Notes a Data of 41 participants with hepatoblastoma

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Low risk Described study group consisted of more than 90% of the original cohort

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group High risk Number of participants with hepatitis virus infection was not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Stringer 1995  (Continued)

 
 

Methods Retrospective cohort study

Participants N of participants original cohort: nm

N of participants described study group: 99

N of participants study group of interest: 99

N of participants with liver function tests: 88

Tumour: Wilms' tumour, neuroblastoma, hepatoma

Time period diagnosis/treatment: nm

TeJ 1970 
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Age at diagnosis: 14% < 1 yr, 56% 1-4 yr, 30% > 5 yra

Age at follow-up: nm

F/M%: 55/45a

BMI: nm

N of participants hepatitis virus infection: nm

N of participants acute liver disease: 31/51 (60.8%) abnormal liver function within 6 months following
radiotherapy

Follow-up duration: mean 3.9 (0.5 to 13.3) yr after end of treatment

Completion of follow-up: 88.9%

Interventions N of participants chemotherapy: 88/88 (100%); chemotherapy type: vincristine, actinomycin D and 5-
fluorouracil; chemotherapy dose: nm

N of participants radiotherapy involving the liver: 88/88 (100%); radiotherapy field: right lobe (n = 36),
le- lobe (n = 35), entire liver (n = 13), remaining liver after resection (n = 4); radiotherapy dose: < 25 Gy
(n = 21), 25-35 Gy (n = 47), > 35 Gy (n = 20)

N of participants hepatectomy: 4/88 (4.5%)

N of participants BMT: nm

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: AST and other unspecified liver function tests (fre-
quency of testing nm)

Definition of hepatic late adverse effects: abnormal liver function tests

N of participants hepatic late adverse effects at end of follow-up: 51/88 (58.0%)

Risk factors: site of radiotherapy: 25/36 (96.4%) with right lobe irradiation abnormal liver function tests
versus 16/35 (45.7%) with le- lobe irradiation abnormal liver function tests versus 6/13 (46.2%) with
whole liver irradiation abnormal liver function tests versus 4/4 (100%) with remaining liver irradiation
abnormal liver function tests (ns); radiotherapy dose: 11/21 (52.4%) with < 25 Gy abnormal liver func-
tion tests versus 27/47 (57.4%) with 25-35 Gy abnormal liver function tests versus 12/20 (60.0%) with >
35 Gy abnormal liver function tests (ns) (univariable)

Notes a Data of 115 participants

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 60% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

TeJ 1970  (Continued)
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Well defined study group High risk Number of participants with hepatitis virus infection was not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Well defined risk estima-
tion

Low risk Chi2 was calculated

TeJ 1970  (Continued)

 
 

Methods Retrospective cohort study

Participants N of participants original cohort: nm

N of participants described study group: 51

N of participants study group of interest: 51

N of participants with liver function tests: 51

Tumour: malignant disease (n = 33): ALL, AML, CML, NHL, non-malignant disease (n = 18): AA, other

Time period diagnosis/treatment: 1982-1997

Age at diagnosis: median 10.5 (0.9 to 15.9) yr at SCT

Age at follow-up: median 26.6 (19.4 to 34.3) yr

F/M%: 41/59

BMI: median (range) in 30 male participants: CRT + TBI: 23.0 (18.6 to 25.6) kg/m2, TBI: 17.7 (13.5 to 21.3)

kg/m2, TAI + chemo: 19.4 (14.6 to 26.2) kg/m2; median (range) in 21 female participants: CRT + TBI: 21.2

(17.1 to 24.2) kg/m2, TBI: 17.1 (14.6 to 18.2) kg/m2, TAI + chemo: 16.4 (16.1 to 16.4) kg/m2

N of participants hepatitis virus infection: 2/51 (3.9%) HCV-RNA+ (persistent HCV)

N of participants acute liver disease: nm

Follow-up duration: median 15.0 (6.7 to 24.7) yr after SCT

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 51/51 (100%); chemotherapy type: etoposide, cyclophosphamide,
busulphan, methotrexate; chemotherapy dose: nm;

N of participants radiotherapy involving the liver: 46/51 (90.2%); radiotherapy field: thoraco-abdominal
(n = 12), TBI (n = 34); radiotherapy dose: 6-12 Gy TBI; 3-10 Gy TAI

N of participants hepatectomy: nm

N of participants BMT: 51/51 (100%) allogeneic stem cell transplantation

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT, AST, γGT, liver biopsy (n = 4) (frequency of test-
ing nm)

Definition of hepatic late adverse effects: elevated ALT, AST, γGT

Tomita 2011 
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N of participants hepatic late adverse effects at end of follow-up: 0/51 (0%) elevated liver enzymes; 4
participants had a liver biopsy (indicated after diagnosis of fatty liver by ultrasound) and were diag-
nosed with fatty liver

Risk factors: median ALT, AST and γGT levels not significantly different between participants treated
with CRT + TBI, TBI, and TAI + chemo (P> 0.05) (univariable)

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Unclear risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding; unclear if the outcome as-
sessors of the biopsies were blinded

Adjustment important
confounders

High risk Important prognostic factors or follow-up were not taken into account

Well defined study group Low risk Type of chemotherapy and number of participants with hepatitis virus infec-
tion were mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Well defined risk estima-
tion

Low risk Mean difference was calculated

Tomita 2011  (Continued)

 
 

Methods Prospective cohort study (originally developed as an RCT; a selected group of participants was fol-
lowed up for hepatic late adverse effects)

Participants N of participants original cohort: nm

N of participants described study group: 43 with splenomegaly during chemotherapy

N of participants study group of interest: 43

N of participants with liver function tests: 43

Tumour: lymphoblastic leukaemia

Time period diagnosis/treatment: 1997-2002

Age at diagnosis: 1.0-18.0 yr

Age at follow-up: nm

F/M%: nm

Vora 2006 
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BMI: nm

N of participants hepatitis virus infection: nm

N of participants acute liver disease: 0/43 (0.0%) abnormal liver function tests < 1 yr after end
chemotherapy

Follow-up duration: mean 3.3 (0.0 to 5.4) yr after end of treatment

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 43/43 (100%); chemotherapy type: 6-thioguanine, 6-mercaptopurine,
vincristine, methotrexate, L-asparaginase, prednisolone, dexamethasone (other chemotherapeutic

regimens not mentioned); chemotherapy dose: 40 mg/m2/day 6-thioguanine, 75 mg/m2/day 6-mercap-
topurine (dose other chemotherapeutic regimens not mentioned)

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: aminotransferases, liver biopsy (n = 10) (frequency
of testing nm)

Definition of hepatic late adverse effects: elevated aminotransferases

N of participants hepatic late adverse effects at end of follow-up: aminotransferases: 6/43 (14.0%); liver
biopsy: 10/10 (100%) portal fibrosis or nodular regenerative hyperplasia

Risk factors: not evaluated

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Unclear risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding; unclear if the outcome as-
sessors of the biopsies were blinded

Well defined study group High risk Number of participants with hepatitis virus infection was not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome High risk Outcome definition was not objective and precise

Vora 2006  (Continued)
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Methods Prospective cohort study (originally developed as a RCT; a selected group of participants was followed
up for hepatic late adverse effects)

Participants N of participants original cohort: nm

N of participants described study group: 19

N of participants study group of interest: 19

N of participants with liver function tests: 19

Tumour: ALL

Time period diagnosis/treatment: 1979-1981

Age at diagnosis: range 0.7 to 17.0 yra

Age at follow-up: nm

F/M%: 47/53a

BMI: nm

N of participants hepatitis virus infection: nm

N of participants acute liver disease: 19/19 (100%) elevated ALT after 6 courses of high-dose methotrex-
ate

Follow-up duration: range 1.0 to 4.0 yr after end of treatment

Completion of follow-up: 100%

Interventions N of participants chemotherapy: 19/19 (100%); chemotherapy type: vincristine, L-asparaginase, dauno-
mycin, methotrexate, prednisone, leucovorin, 6-mercaptopurine and cyclophosphamide; chemother-

apy dose: a priming dose of methotrexate, 6000mg/m2 was administered over 1 hour followed im-

mediately by constant infusion of methotrexate, 1200 mg/m2/hour for 23 hours. The total dose of

methotrexate per course was 33,600 mg/m2 over 24 hours. Twelve hours after completion of the

methotrexate infusion, 200 mg/m2 leucovorin was administered over 1 hour. Three hours later, leu-

covorin was started at doses of 12 mg/m2 every 3 hours for 5 doses, then every 6 hours until the serum

methotrexate level fell below 1 x 10-7M. Six 23-week cycles of prednisone, vincristine, 6-mercaptop-

urine, L-asparaginase, cyclophosphamide, daunomycin, and twice weekly methotrexate (7.5 mg/m2

during weeks 3 to 6, 10 to 13, and 17 to 20) were administered. Also high-dose 6-mercaptopurine (500

mg/m2/day) on days 1 to 5 of each maintenance cycle was received

N of participants radiotherapy involving the liver: nm; radiotherapy field: nm; radiotherapy dose: nm

N of participants hepatectomy: nm

N of participants BMT: nm

N of participants blood transfusion: nm

Outcomes Method of detection of hepatic late adverse effects: ALT, bilirubin, ALP (frequency of testing nm)

Definition of hepatic late adverse effects: > upper limits of normal: ALT 40 IU/L, total bilirubin 0.8 mg/
dL, direct bilirubin 0.3 mg/dL, ALP 180 IU/L (1 yr of age until adolescence), 260 IU/L (adolescent fe-
males), 350 IU/L (adolescent males)

N of participants hepatic late adverse effects at end of follow-up: 0/19 (0.0%)

Risk factors: not evaluated

Weber 1987 
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Notes a Data of 36 participants with ALL

Risk of bias

Bias Authors' judgement Support for judgement

Representative study
group

Unclear risk Unclear if described study group consisted of more than 90% of the original
cohort or if it was a random sample with respect to cancer treatment

Complete follow-up as-
sessment

Low risk Outcome was assessed for more than 90% of the study group of interest

Blinded outcome assessor Low risk Unclear if blinding of outcome assessment, but the outcome measurement
was not likely to be influenced by lack of blinding

Well defined study group High risk Number of participants with hepatitis virus infection was not mentioned

Well defined follow-up Low risk Length of follow-up was mentioned

Well defined outcome Low risk Outcome definition was objective and precise

Weber 1987  (Continued)

AA: anaplastic anemia.

ALL: acute lymphoblastic leukaemia.

ALP: alkaline phosphatase.

ALT: alanine aminotransferase.

AML: acute myeloid leukaemia.

ANLL: acute non-lymphoblastic leukaemia.

AST: aspartate aminotransferase.

BMI: body mass index.

BMT: bone marrow transplantation.

CCS: childhood cancer survivors.

CML: chronic myeloid leukaemia.

CNS: central nervous system.

CRT: cranial radiotherapy.

CTCAE: common terminology criteria for adverse events.

F/M: female/male distribution.

GVHD: gra--versus-host disease.

HBsAntigen: hepatitis B antigen.

HBV: hepatitis B virus.

HCV: hepatitis C virus.

HDV: hepatitis D virus.

HL: Hodgkin lymphoma.

HSCT: haematopoietic stem cell transplantation.

JCML: juvenile chronic myeloid leukaemia.

JMML: juvenile myelomonocytic leukaemia.

MDS: myelodysplastic syndrome.

NHL: non-Hodgkin lymphoma.

na: not applicable.

nm: not mentioned.

ns: not significant.

PTT: prothrombin time.

RAEB: refractory anaemia with blast excess.

RCT: randomised controlled trial.

RIBA: recombinant immunoblotting assay.

RNA: ribonucleic acid.
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RT: radiotherapy.

SAA: severe aplastic anaemia.

SCT: stem cell transplant.

SOS: sinusoidal obstruction syndrome.

TAI: thoraco-abdominal irradiation.

TBI: total body irradiation.

ULN: upper limit of normal.

uc: unclear.

yGT: gamma-glutamyltransferase.

 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Adson 1981 Fewer than 50% aged 18 years or younger

Al-Attar 1986 Not reporting on hepatic late adverse effects

Amylon 1997 Follow-up duration unclear

Asdahl 2016 Not reporting on hepatic late effects as defined in our inclusion criteria.

Atay 2005 Not reporting on hepatic late adverse effects

Avet Loiseau 1991 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Bacigalupo 1991 Not reporting on hepatic late adverse effects

Baker 2010 Review

Baker 2010b Impossible to differentiate between adult and childhood cancer survivors; < 50% diagnosed be-
tween 0-18 years

Balcerska 2000 Follow-up duration unclear

Bauditz 2007 Case series

Benesch 2001 Not reporting on hepatic late adverse effects according to our defined outcome measures: hepati-
tis virus infection

Benz-Bohm 2010 Cancer treatment unclear

Berger 2013 Not reporting on hepatic late adverse effects

Berjian 1980 No childhood cancer survivors: adult participants > 18 years

Berman 1980 Fewer than 50% aged 18 years or younger

Bernard 2014 Not reporting on hepatic late adverse effects according to our defined outcome measures: iron
overload

Bernstein 1993 Not reporting on hepatic late adverse effects

Bhatia 2009 Review

Bhatia 2012 Review
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Study Reason for exclusion

Blum 2002 Not reporting on hepatic late adverse effects

Bonnesen 2018 Not reporting on hepatic late effects as defined in our inclusion criteria.

Broxson 2005 Case series

Brunet 2001 Fewer than 50% aged 18 years or younger

Carter 1997 Cancer treatment unclear

Cassady 1979 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Castellino 2010 Review

Cavo 1998 No childhood cancer survivors: adult participants > 18 years

Cesaro 1997 Liver function testing in hepatitis virus-positive participants

Chao 1993 Fewer than 50% aged 18 years or younger

Cheng 2005 No childhood cancer survivors: adult participants > 18 years

Cheuk 2008 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Chou 1996 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Christopherson 2014 Not reporting on hepatic late adverse effects

Christosova 2005 Case series

Claviez 1996 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Colsky 1955 Case series

Condren 2005 Impossible to differentiate between participants with and without potentially high-risk treatment
for hepatic late adverse effects

Coura 2016 Not reporting on hepatic late effects as defined in our inclusion criteria.

Damon 2006 No childhood cancer survivors: adult participants > 18 years

De Fine Licht 2017 Not reporting on hepatic late effects as defined in our inclusion criteria.

Deeg 1986 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Delvecchio 2015 Not reporting on hepatic late effects as defined in our inclusion criteria; abstract from conference
proceeding, no full-text paper found

Dibenedetto 1994 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Dunkel 1998 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Dupuis-Girod 1996 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

El-Raziky 2015 Only participants included with a HCV infection
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Study Reason for exclusion

Evans 1980 Not reporting on hepatic late adverse effects

Evans 1982 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Evans 1990 Fewer than 50% aged 18 years or younger

Evans 1993 Fewer than 50% aged 18 years or younger

Exelby 1975 Follow-up duration unclear

Fabbri 1994 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Farthing 1982 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Fink 1993 Impossible to differentiate between participants with and without potentially high-risk treatment
for hepatic late adverse effects

Fiorreda 2010 Liver function testing in hepatitis virus-positive participants

Forbes 1995 Fewer than 50% aged 18 years or younger

Frickhofen 1994 Fewer than 50% aged 18 years or younger

Friedrichs 2010 Only adult cancer survivors

Gandola 2009 Not reporting on hepatic late adverse effects

Ganjoo 2006 No childhood cancer survivors: adult participants > 18 years

Ghosh 2017 Not reporting on hepatic late effects

Glick 2000 Fewer than 10 childhood cancer survivors

Gluckman 1979 Unclear if one of our defined outcome measures was tested

Goldsby 2011 Not reporting on hepatic late adverse effects according to our defined outcome measures: self-re-
ported outcomes

Gonzalez-Crussi 1982 Not reporting on hepatic late adverse effects

Greenfield 2006 Not reporting on hepatic late adverse effects

Grill 1996 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Grosfeld 1976 Case series

Gutjahr 1980 Cancer treatment unclear

Haddy 1998 Liver function testing in hepatitis virus-positive participants

Haddy 2009 Number of participants with liver function testing unclear; unclear if one of our defined outcome
measures was tested

Hadley 2002 Not reporting on hepatic late adverse effects
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Study Reason for exclusion

Halonen 2003 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Hanks 1980 Not reporting on hepatic late adverse effects

Harrison 1996 Fewer than 50% aged 18 years or younger

Hatanaka 1994 No childhood cancer survivors: adult participants > 18 years

Haupt 2004 Unclear if one of our defined outcome measures was tested

Hedrick 2004 Not reporting on hepatic late adverse effects

Hegewald 1982 Not reporting on hepatic late adverse effects according to our defined outcome measures; unclear
if case series or cohort study

Henderson 2008 Case report

Hjern 2007 Not reporting on hepatic late adverse effects

Ho 2004 No childhood cancer survivors: adult participants

Hoffmann 2015 Not including potentially hepatotoxic treatments as defined in our inclusion criteria.

Hollard 1980 Fewer than 50% aged 18 years or younger

Holschneider 1977 Not reporting on hepatic late adverse effects according to our defined outcome measures: hepati-
tis virus infection

Horowitz 1993 Not reporting on hepatic late adverse effects

Hutter 1960 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Ingold 1965 Case series

Isaacs 2008 Not reporting on hepatic late adverse effects

Ivantes 2004 No childhood cancer survivors: adult participants

Ja,e 1975 Review

Jagannathan 2004 No childhood cancer survivors: adult participants > 18 years

Jenkins 2013 Review

Jirtle 1990 Review

Jung 2017 Not including potentially hepatotoxic treatments as defined in our inclusion criteria

Kamani 1996 Unclear if one of our defined outcome measures was tested

Kamble 2006 Review

Kaste 1999 Not reporting on hepatic late adverse effects

Kazanowska 2004 Not reporting on hepatic late adverse effects
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Study Reason for exclusion

Khouri 2002 No childhood cancer survivors: adult participants > 18 years

Kim 2000 No childhood cancer survivors: adult participants

Kopp 2012 Review

Kotz 1982 Case series

Kremens 2002 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Kudo 1996 No childhood cancer survivors

Lackner 2000 Impossible to differentiate between participants with and without potentially high-risk treatment
for hepatic late adverse effects

Lackner 2007 Not reporting on hepatic late adverse effects according to our defined outcome measures: hepati-
tis virus infection

Ladenstein 1997 Not reporting on hepatic late adverse effects

Lee 2016 Not reporting on hepatic late effects as defined in our inclusion criteria; abstract from conference
proceeding, no full-text paper found

Leonardi 2003 Cancer treatment unclear

Leung 2000 Liver function testing in hepatitis virus-positive participants

Levitt 2004 Not reporting on hepatic late adverse effects according to our defined outcome measures

Levy 2015 Not reporting on hepatic late effects as defined in our inclusion criteria.

Lindsay 2016 Not reporting on hepatic late effects as defined in our inclusion criteria; abstract from conference
proceeding, no full-text paper found

Ljungman 1995 Fewer than 50% aged 18 years or younger

Locasciulli 1989 Fewer than 50% aged 18 years or younger

Locasciulli 1990a Age of the participants unclear

Locasciulli 1990b Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Locasciulli 1991b Fewer than 50% aged 18 years or younger

Locasciulli 1993 Liver function testing in hepatitis virus-positive participants

Locasciulli 1995 Review

Lockney 2016 Not reporting on hepatic late effects as defined in our inclusion criteria.

Lucas 2017 Not reporting on hepatic late effects as defined in our inclusion criteria.

MacDonald 2010 Review
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Study Reason for exclusion

Maggiore 1982 Not reporting on hepatic late adverse effects according to our defined outcome measures: hepati-
tis virus infection

Maguire 2002 Not reporting on hepatic late adverse effects

Martinez 1997 No childhood cancer survivors: adult participants > 18 years

Masera 1981 Liver function testing in hepatitis virus-positive participants

McBride 1976 Fewer than 50% aged 18 years or younger

McDonald 2010 Review

McIntosh 1977 Fewer than 10 childhood cancer survivors

McKay 1996 Fewer than 50% aged 18 years or younger

Meadows 1992 Unclear if one of our defined outcome measures was tested

Meeske 2015 Not reporting on hepatic late effects as defined in our inclusion criteria.

Mitrou 1990 Not reporting on hepatic late adverse effects

Mizumoto 2017 Not reporting on hepatic late effects as defined in our inclusion criteria

Mohammed 2017 Not reporting on hepatic late effects

Mohapatra 2016 Not reporting on hepatic late effects as defined in our inclusion criteria

Moore 1995 Not reporting on hepatic late adverse effects

Morrow 1982 Not reporting on hepatic late adverse effects

Murthy 1978 Not reporting on hepatic late adverse effects

Myers 1995 Not reporting on hepatic late adverse effects according to our defined outcome measures: hepati-
tis virus infection; Information on liver function reported for only one participant

Myers 2013 < 10 childhood cancer survivors included

Nagasue 1979 No childhood cancer survivors: adult participants > 18 years

Nagatoshi 1997 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Neilson 1996 Age of the participants and cancer treatment unclear

Nottage 2013 Not reporting on hepatic late adverse effects

O'Hara 1968 Not reporting on hepatic late adverse effects

Oeffinger 2006 Not reporting on hepatic late adverse effects

Orchard 2015 Not reporting on hepatic late effects as defined in our inclusion criteria.

Osborne 1980 No childhood cancer survivors: adult participants > 18 years
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Study Reason for exclusion

Oue 2015 Not reporting on hepatic late adverse effects according to our defined outcome measures: hepati-
tis virus infection

Ozawa 2017 Not reporting on hepatic late effects.

Pantoja 1975 No childhood cancer survivors: adult participants > 18 years

Pao 1989 Not reporting on hepatic late adverse effects

Park 2002 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Perwein 2011 Unclear if one of our defined outcome measures were tested

Poussin-Rosillo 1976 Fewer than 50% aged 18 years or younger

Pratt 1977 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Pritchard 2005 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Pui 1992 Not reporting on hepatic late adverse effects

Punyko 2005 Not reporting on hepatic late adverse effects

Puri 2006 Not reporting on hepatic late adverse effects

Rajendranath 2014 Not reporting on hepatic late adverse effects according to our defined outcome measures: hepati-
tis virus infection

Ravikumara 2006 Fewer than 50% o, treatment for 1 year or more

Reaman 1985 Not reporting on hepatic late adverse effects

Rodriguez-Inigo 1997 No childhood cancer survivors: adult participants

Rossetti 1992 Number of participants with liver function testing unclear; liver biopsy during first year after
chemotherapy (< 1 year o, treatment)

Ruccione 2012 Cancer treatment unclear

Ruccione 2014 Not reporting on hepatic late adverse effects according to our defined outcome measures: iron
overload

Samuelsson 1999 Not reporting on hepatic late adverse effects

Sawamura 1998 Not reporting on hepatic late adverse effects

Schaison 1980 Number of participants with liver function testing unclear

Schmidt 2010 Review

Scordo 2017 Abstract conference proceeding of study Scordo 2018.

Scordo 2018 No childhood cancer survivors.

Sekine 1998 Number of participants with liver function testing unclear
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Study Reason for exclusion

Sevinir 2003 Liver function testing in hepatitis virus-positive participants

Shah 2004 Not reporting on hepatic late adverse effects

Silverman 1997 Not reporting on hepatic late adverse effects

Sirvent 2017 Not reporting on hepatic late effects as defined in our inclusion criteria

Sivaprakasan 2011 Not reporting on hepatic late adverse effects

Skidmore 1997 No childhood cancer survivors: adult participants

Skinner 2012 Review

Smith 2012 Cancer treatment unclear

Socié 1999 Fewer than 50% aged 18 years or younger

Socié 2001 Not reporting on hepatic late adverse effects

Spunberg 1981 Not reporting on hepatic late adverse effects

Strasser 1999a Fewer than 50% aged 18 years or younger

Strasser 1999b Fewer than 50% aged 18 years or younger

Straus 1991 Not reporting on hepatic late adverse effects

Sudour 2009 Not reporting on hepatic late adverse effects according to our defined outcome measures

Tada 1997 Liver function testing in hepatitis virus-positive participants

Takeishi 2015 Not reporting on hepatic late effects as defined in our inclusion criteria (hepatitis C only).

Taylor 1997 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

TeY 1977 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Thomas 1988 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Tomás 2000 Fewer than 50% aged 18 years or younger

Trovillion 2018 Not reporting on hepatic late effects as defined in our inclusion criteria.

Tura 1998 No childhood cancer survivors: adult participants

Uchino 1978 Not reporting on hepatic late adverse effects

Uzel 2001 Not reporting on hepatic late adverse effects

Vaidya 2000 Not reporting on hepatic late adverse effects: acute toxicity (<1 year o, treatment)

Van den Ouweland 1983 Fewer than 50% aged 18 years or younger

Van Dijk 2010 Not reporting on hepatic late adverse effects
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Study Reason for exclusion

Veneri 2003 No childhood cancer survivors: adult participants

Vergani 1982 Not reporting on hepatic late adverse effects according to our defined outcome measures: hepati-
tis virus infection; liver biopsy at cessation of chemotherapy (< 1 year o, treatment)

Von Schweinitz 1994 Not reporting on hepatic late adverse effects

Wasserheit 1995 Fewer than 50% aged 18 years or younger

Weirich 2004 Unclear if one of our defined outcome measures was tested

Wexler 1996 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Willers 2001 Liver function testing in hepatitis virus-positive participants

Wol, 2006 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Woolfrey 1998 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Yamada-Osaki 1999 Liver function testing in hepatitis virus-positive participants

Yang 2005 Not reporting on hepatic late adverse effects

Yang 2006 Not reporting on hepatic late adverse effects

Yock 2016 Not reporting on hepatic late effects as defined in our inclusion criteria.

Yoo 2013 No consecutive group of participants

Zhou 2009 No childhood cancer survivors

Zimmermann 2002 Not reporting on hepatic late adverse effects: acute toxicity (< 1 year o, treatment)

Zittoun 1985 Fewer than 50% aged 18 years or younger

HCV, hepatitis C virus
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Cohort study

Participants 40 childhood cancer survivors (> 5 years since end of treatment) treated for stage 3 or 4 neuroblas-
toma

Interventions Participants were treated with chemotherapy, radiotherapy, surgery, and/or autologous bone mar-
row transplantation. Specific details on cancer treatment were not reported.

Outcomes 5 out of 40 participants (12.5%) had hepatic late adverse effects > 5 years since end of treatment. 1
participant had a hepatitis C infection.

Notes This study has not been published in full text (as of September 2018), but has been presented at the
SIOP conference 2012. From currently available data it is unclear if this study is eligible for inclu-
sion in this review.

Halley 2012 
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Methods Cohort study

Participants 138 children (78 boys, 60 girls) aged 1-18 years (mean 7.7) with acute leukaemia and non-Hodgkin
lymphoma

Interventions Participants were treated with chemotherapy. Specific details on cancer treatment were not re-
ported.

Outcomes 12.1% had elevated ALT and 3.0% elevated γGT at a follow-up of 1-4 years after the end of treat-
ment. 8.2% had elevated ALT and 0.0% elevated γGT at a follow-up > 5 years after the end of treat-
ment.

Notes This study has not been published in full text (as of September 2018), but has been presented at the
SIOP conference 2007 (abstract PL.004). From currently available data, it is unclear if this study is
eligible for inclusion in this review.

Kovacs 2007 

 
 

Methods Cohort study

Participants 20 childhood cancer survivors treated for leukaemia. Age at diagnosis ranged from 0.4 to 13.8
years, mean age at follow-up was 16.7 years and mean time since end of treatment was 8.3.

Interventions Participants were treated with chemotherapy (n = 20), BMT (n = 3) and TBI (n = 1).

Outcomes 1 participant (5.0%) had elevated γGT and 1 participant (5.0%) had elevated γGT and AST as well.

Notes This study was written in Icelandic. At this moment we are awaiting the translation.

Kristinsson 2002 

 
 

Methods Cohort study

Participants 44 adolescent survivors of childhood cancer. Median age 14.9 years (range 10 to 19.8 years) and
median follow-up time elapsed after o,-therapy 7.4 years (range 5 to 16.5 years). Fatty liver was
evaluated by ultrasound examinations during follow-up period.

Interventions Not mentioned

Outcomes Fatty liver was identified in 8 survivors (18.2%).

Notes This study has not been published in full text (as of September 2018), but has been presented at the
SIOP conference 2014 (abstract EP-238). From currently available data it is unclear if this study is el-
igible for inclusion in this review.

Lee 2014 

 
 

Methods Cohort study.

Meneghello 2016 
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Participants 120 children treated for Wilms tumour.

Clinical and laboratory features of hepatotoxicity (VOD was defined according to the McDonald
criteria) and the histopathological abnormalities detected in the liver biopsy performed during
nephrectomy following the preoperative chemotherapy. Long term liver function was evaluated.

Interventions Treated according to SIOP93-01 or 2001 protocols

Outcomes VOD occurred in 10% of children with Wilms tumour. Long term liver function was normal 0.5 to 18
years after the end of treatment (median follow-up 6.5 years).

Notes This study has not been published in full text (as of September 2018), but has been presented at the
SIOP conference 2016 (abstract P-0760). From currently available data it is unclear if this study is el-
igible for inclusion in this review.

Meneghello 2016  (Continued)

 
 

Methods Cohort study.

Participants 200 paediatric cancer survivors (165 boys, 35 girls) aged 1.3-30 years (mean 9.5) at follow-up with
various tumours.

Interventions 52 participants were treated with radiotherapy. Specific details on cancer treatment are not report-
ed.

Outcomes 14 participants had chronic liver disease and were HBsAntigen+ at a median follow-up of 2.5 years.

Notes This study has not been published in full text (as of September 2018), but has been presented at the
SIOP conference 2006 (abstract PJ.032). From currently available data it is unclear if this study is eli-
gible for inclusion in this review.

Thavaraj 2006 

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMT, bone marrow transplantation; γGT, gamma-glutamyl transferase;
TBI, total body irradiation.
 

 

A D D I T I O N A L   T A B L E S
 

  Internal validity External validity

Study group Selection bias (representative: yes/no)

• if the described study group consisted of more
than 90% of the original cohort of childhood can-
cer survivors

• or if it was a random sample with respect to the
cancer treatment

Reporting bias (well defined: yes/no)

• if the type of chemotherapy and/or location of radio-
therapy was mentioned

• and if the number of participants with chronic viral he-
patitis was mentioned

Follow-up Attrition bias (adequate: yes/no)

• if the outcome was assessed for more than 90%
of the study group of interest (++)

• or if the outcome was assessed for 60% to 90% of
the study group of interest (+)

Reporting bias (well defined: yes/no)

• if the length of follow-up was mentioned

Table 1.   Risk of bias assessment criteria for observational studies 
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Outcome      Detection bias (blind: yes/no)

• if the outcome assessors were blinded to the
investigated determinant (if outcomes are bio-
chemical measurements produced by a machine,
blinding of the investigator is not relevant)

Reporting bias (well-defined: yes/no)

• if the outcome definition was objective and precise,
i.e. if the upper limits of normal for liver function tests
were described in the definition of hepatic late adverse
effects

Risk estimation Confounding (adjustment for other factors: yes/no)

• if important prognostic factors (i.e. age, gender,
co-treatment) or follow-up were taken adequate-
ly into account

Analyses (well-defined: yes/no)

• if a relative risk, odds ratio, attributable risk, linear or

logistic regression model, mean difference or Chi2 was
calculated

Table 1.   Risk of bias assessment criteria for observational studies  (Continued)

 
 

Study Total number of par-
ticipants with hepatic
late adverse effects

Total num-
ber of partic-
ipants

Prevalence [95% Confidence Interval]

Aricò 1994 22 102 21.57 [14.70, 30.50]

Bessho 1994 2 25 8.00 [2.22, 24.97]

French 2012 2 23 8.70 [2.42, 26.80]

Green 2019 1137 2751 41.33 [39.50, 43.18]

Locasciulli 1997a 33 114 28.95 [21.42, 37.85]

Locasciulli 1997b 28 53 52.83 [39.66, 65.62]

Mulder 2013 118 1362 8.66 [7.28, 10.28]

Skou 2014 6 104 5.77 [2.67, 12.02]

Table 2.   Prevalence of hepatic late adverse e�ects in studies with an outcome definition of ALT above the upper
limit of normal 

ALT: alanine aminotransferase.

 
 

Study Total number of participants with hepatic
late adverse effects

Total number of
participants

Prevalence [95% Confidence Interval]

French 2012 3 23 13.04 [4.54, 32.13]

Skou 2014 1 88 1.14 [0.20, 6.16]

Table 3.   Prevalence of hepatic late adverse e�ects in studies with an outcome definition of AST above the upper
limit of normal 

AST: aspartate aminotransferase.
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Study Total number of participants with hepatic late
adverse effects

Total number of par-
ticipants

Prevalence [95% Confidence Interval]

Bresters
2008

53 216 24.54 [19.28, 30.69]

Table 4.   Prevalence of hepatic late adverse e�ects in studies with an outcome definition of ALT or AST above the
upper limit of normal 

ALT: alanine aminotransferase.

AST: aspartate aminotransferase.

 
 

Study Total number of participants
with hepatic late adverse ef-
fects

Total number of
participants

Prevalence [95% Confidence Interval]

Landier 2012 6 263 2.28 [1.05, 4.89]

Mulder 2013 12 1362 0.88 [0.50, 1.53]

Ratner 1986 9 39 23.08 [12.65, 38.34]

Rossetti 1991 43 96 44.79 [35.24, 54.75]

Table 5.   Prevalence of hepatic late adverse e�ects in studies with an outcome definition of ALT above twice the
upper limit of normal 

ALT: alanine aminotransferase.

 
 

Study Total number of participants with hepatic late
adverse effects

Total number of par-
ticipants

Prevalence [95% Confidence Interval]

Landier 2012 6 263 2.28 [1.05, 4.89]

Table 6.   Prevalence of hepatic late adverse e�ects in studies with an outcome definition of AST above twice the
upper limit of normal 

AST: aspartate aminotransferase.

 
 

Study Total number of participants with hepatic
late adverse effects

Total number of
participants

Prevalence [95% Confidence Interval]

Bresters 2008 17 216 7.87 [4.97, 12.24]

Landier 2012 7 263 2.66 [1.30, 5.39]

Table 7.   Prevalence of hepatic late adverse e�ects in studies with an outcome definition of ALT or AST above twice
the upper limit of normal 

ALT: alanine aminotransferase.

AST: aspartate aminotransferase.
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Study Total number of participants with hepatic late
adverse effects

Total number of par-
ticipants

Prevalence [95% Confidence Interval]

Mulder 2013 68 1295 5.25 [4.16, 6.60]

Table 8.   Prevalence of hepatic late adverse e�ects in studies with an outcome definition of γGT above the upper
limit of normal 

yGT: gamma-glutamyl transferase.

 
 

Study Total number of participants with hepatic late
adverse effects

Total number of par-
ticipants

Prevalence [95% Confidence Interval]

Mulder 2013 12 1295 0.93 [0.53, 1.61]

Table 9.   Prevalence of hepatic late adverse e�ects in studies with an outcome definition of γGT above twice the
upper limit of normal 

yGT: gamma-glutamyl transferase.

 
 

Study Total number of participants with hepatic
late adverse effects

Total number of
participants

Prevalence [95% Confidence Interval]

French 2012 1 23 4.35 [0.77, 20.99]

Skou 2014 11 99 11.11 [6.32, 18.81]

Table 10.   Prevalence of hepatic late adverse e�ects in studies with an outcome definition of ALP above the upper
limit of normal 

ALP: alkaline phosphatase.

 
 

Study Total number of participants with hepatic late adverse effects Total num-
ber of partic-
ipants

Prevalence [95% Confidence In-
terval]

French 2012 2 abnormal unconjugated bilirubin 23 8.70 [2.42, 26.80]

French 2012 0 abnormal conjugated bilirubin 23 0

Landier 2012 3 abnormal total bilirubin 263 1.14 [0.39, 3.30]

Skou 2014 1 abnormal bilirubin 104 0.96 [0.17, 5.25]

Table 11.   Prevalence of hepatic late adverse e�ects in studies with an outcome definition of bilirubin above the
upper limit of normal 

 
 

Study Outcome
definition
ALT

Risk factor Effect size Signifi-
cant (+/-)

Table 12.   Risk factors from multivariable analyses that increase the risk of hepatic late adverse e�ects 
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Green 2019 ALT > ULN Radiotherapy involving liver treated to ≥ 15
Gy per 10% volume increase

RR 1.06 (95% CI 1.03 to 1.08) +

Mulder 2013 ALT > ULN Radiotherapy involving liver yes vs no OR 2.34 (95% CI 1.07 to 5.13) +

Green 2019 ALT > ULN Busulfan yes vs no RR 1.54 (95% CI 1.02 to 2.33) +

Mulder 2013 ALT > ULN Busulfan yes vs no OR 3.09 (95% CI 0.29 to 32.90) -

Green 2019 ALT > ULN Thioguanine yes vs no RR 1.38 (95% CI 1.02 to 1.85) +

Mulder 2013 ALT > ULN Thioguanine yes vs no OR 1.40 (95% CI 0.38 to 5.18) -

Mulder 2013 ALT > ULN Mercaptopurine yes vs no OR 0.84 (95% CI 0.36 to 1.99) -

Mulder 2013 ALT > ULN Methotrexate yes vs no OR 1.22 (95% CI 0.53 to 2.84) -

Mulder 2013 ALT > ULN Dactinomycin yes vs no OR 0.71 (95% CI 0.29 to 1.76) -

Mulder 2013 ALT > ULN Other chemotherapeutics (other antimetabo-
lites, other cytotoxic antibiotics, other
alkylating agents, plant alkaloids, other
chemotherapeutic agents) yes vs no

Not significant -

Green 2019 ALT > ULN Hepatic surgery yes vs no RR 1.90 (95% CI 1.45 to 2.49) +

Mulder 2013 ALT > ULN Liver resection yes vs no OR 1.87 (95% CI 0.38 to 9.07) -

Green 2019 ALT > ULN BMI ≥ 25 vs < 25 RR 1.60 (95% CI 1.42 to 1.81) +

Mulder 2013 ALT > ULN Higher BMI z-score OR 1.67 (95% CI 1.37 to 2.03) +

Mulder 2013 ALT > ULN Alcohol intake of > 14 units per week vs none OR 2.53 (95% CI 1.04 to 6.18) +

Mulder 2013 ALT > ULN Alcohol intake of 7-14 units per week vs none OR 0.87 (95% CI 0.33 to 2.31) -

Mulder 2013 ALT > ULN Alcohol intake of < 7 units per week vs none OR 1.21 (95% CI 0.63 to 2.30) -

Green 2019 ALT > ULN Hepatitis C grade ≥ 1 vs grade < 1 RR 1.76 (95% CI 1.52 to 2.02) +

Green 2019 ALT > ULN Older age at evaluation per year RR 1.01 (95% CI 1.00 to 1.01) +

Mulder 2013 ALT > ULN Longer follow-up time since primary cancer
diagnosis per year

OR 1.10 (95% CI 1.05 to 1.15) +

Mulder 2013 ALT > ULN Older age at primary cancer diagnosis per
year

OR 1.06 (95% CI 1.00 to 1.13) -

Mulder 2013 ALT > ULN Gender female vs male OR 1.18 (95% CI 0.67 to 2.08) -

Green 2019 ALT > ULN Metabolic syndrome yes vs no RR 1.40 (95% CI 1.26 to 1.55) +

Green 2019 ALT > ULN Statins (atorvastatin, rosuvastatin, simvas-
tatin) yes vs no

RR 1.20 (95% CI 1.02 to 1.42) +

Table 12.   Risk factors from multivariable analyses that increase the risk of hepatic late adverse e�ects  (Continued)
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Green 2019 ALT > ULN Ethnicity non-Hispanic white vs non-Hispanic
black or other

RR 1.37 (95% CI 1.18 to 1.58) +

Study Outcome
definition
γGT

Risk factor Effect size Signifi-
cant (+/-)

Mulder 2013 γGT > ULN Radiotherapy involving liver yes vs no OR 5.45 (95% CI 2.51 to 11.82) +

Mulder 2013 γGT > ULN Busulfan yes vs no OR 4.03 (95% CI 0.33 to 48.94) -

Mulder 2013 γGT > ULN Thioguanine yes vs no OR 0.51 (95% CI 0.09 to 2.80) -

Mulder 2013 γGT > ULN Mercaptopurine yes vs no OR 0.64 (95% CI0.25 to 1.64) -

Mulder 2013 γGT > ULN Methotrexate yes vs no OR 0.70 (95% CI 0.27 to 1.81) -

Mulder 2013 γGT > ULN Dactinomycin yes vs no OR 0.46 (95% CI 0.17 to 1.21) -

Mulder 2013 γGT > ULN Other chemotherapeutics (other antimetabo-
lites, other cytotoxic antibiotics, other
alkylating agents, plant alkaloids, other
chemotherapeutic agents) yes vs no

Not significant -

Mulder 2013 γGT > ULN Liver resection yes vs no OR 1.09 (95% CI 0.12 to 9.69) -

Mulder 2013 γGT > ULN Higher BMI z-score OR 1.43 (95% CI 1.14 to 1.81) +

Mulder 2013 γGT > ULN Alcohol intake of > 14 units per week vs none OR 3.04 (95% CI 1.16 to 7.96) +

Mulder 2013 γGT > ULN Alcohol intake of 7-14 units per week vs none OR 1.14 (95% CI 0.43 to 3.01) -

Mulder 2013 γGT > ULN Alcohol intake of < 7 units per week vs none OR 0.96 (95% CI 0.48 to 1.93) -

Mulder 2013 γGT > ULN Longer follow-up time since primary cancer
diagnosis per year

OR 1.13 (95% CI 1.07 to 1.18) +

Mulder 2013 γGT > ULN Older age at primary cancer diagnosis per
year

OR 1.08 (95% CI 1.01 to 1.15) +

Mulder 2013 γGT > ULN Gender female vs male OR 0.71 (95% CI 0.38 to 1.31) -

Table 12.   Risk factors from multivariable analyses that increase the risk of hepatic late adverse e�ects  (Continued)

ALT: alanine aminotransferase.

BMI: body mass index.

ULN: upper limit of normal.

γGT: gamma-glutamyl transferase.

 
 

Study Outcome Risk factor Significant
(+/-)

Aricò 1994 ALT > ULN Chronic HCV infection +

Ballauff 1999 Liver function tests > ULN Chronic HCV and HBV infection +

Table 13.   Risk factors from univariable analyses that increase the risk of hepatic late adverse e�ects 
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Locasciulli 1983 ALT/AST > 3 x ULN Cleared or persistent chronic HBV infection +

Locasciulli 1983 ALT/AST > 3 x ULN Histological diagnosis of chronic hepatitis +

Locasciulli 1991a ALT > ULN Chronic HCV infection +

Locasciulli 1997a ALT > ULN Chronic HCV infection +

Rossetti 1991 ALT > 2 x ULN Chronic HBV-HDV co-infection +

Rossetti 1991 ALT > 2 x ULN Chronic HBV infection +

Hudson 2013 ALT/AST/bilirubin > ULN High-risk treatment exposure (mercaptopurine,
thioguanine, and/or radiotherapy involving the
liver)

-

Gunn 2016 Elevated ALT/AST; no cut-o, mentioned Cranial radiotherapy +

TeY 1970 Abnormal liver function tests; no cut-o,
mentioned

Radiotherapy field (right lobe, le- lobe, entire
liver, remaining liver)

-

TeY 1970 Abnormal liver function tests; no cut-o,
mentioned

Radiotherapy dose (< 25 Gy, 25-35 Gy, > 35 Gy) -

Tomita 2011 Elevated ALT/AST/γGT; no cut-o, men-
tioned

Treatment (CRT with TBI, TBI, TAI with
chemotherapy)

-

El-Rashedy 2017 Mean ALT, AST, total bilirubin, direct
bilirubin values

Standard-dose asparaginase vs low-dose +

Bresters 2008 ALT/AST > ULN Conditioning regimen (cyclophosphamide with
TBI/TAI, cyclophosphamide with busulphan,
other)

-

Bresters 2008 ALT/AST > ULN Older age at HSCT +

Bresters 2008 ALT/AST > ULN Diagnosis of benign haematological disease +

Bresters 2008 ALT/AST > ULN Gender -

Bresters 2008 ALT/AST > ULN HSCT donor type (matched sibling donor, other) -

Bresters 2008 ALT/AST > ULN Haematopoietic stem cell source (bone marrow,
autologous peripheral blood, cord blood)

-

Bresters 2008 ALT/AST > ULN Early post-transplant morbidity (viral reactiva-
tion, VOD, acute GVHD)

-

Gunn 2016 Elevated ALT/AST; no cut-o, mentioned Overweight +

Chotsampan-
charoen 2009

Mean ALT, total bilirubin values Iron overload (high serum ferritin) +

El-Rashedy 2017 Mean ALT, AST, total bilirubin, direct
bilirubin values

Iron overload (high serum ferritin) -

Table 13.   Risk factors from univariable analyses that increase the risk of hepatic late adverse e�ects  (Continued)
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Schempp 2016 Elevated ALT/AST/bilirubin; no cut-o,
mentioned

Iron overload (high serum ferritin) -

Hyodo 2012 Elevated γGT; no cut-o, mentioned Fatty liver +

Hyodo 2012 Elevated ALT/AST; no cut-o, mentioned Fatty liver -

Delvecchio 2017 Mean ALT, AST, γGT values Fatty liver -

Table 13.   Risk factors from univariable analyses that increase the risk of hepatic late adverse e�ects  (Continued)

+: significant.

-: not significant.

ALT: alanine aminotransferase.

AST: aspartate aminotransferase.

CRT: cranial radiotherapy.

GVHD: gra--versus-host disease.

HBV: hepatitis B virus.

HCV: hepatitis C virus.

HDV: hepatitis D virus.

HSCT: haematopoietic stem cell transplantation.

TAI: thoraco-abdominal irradiation.

TBI: total body irradiation.

ULN: upper limit of normal.

VOD: veno-occlusive disease.

yGT: gamma-glutamyl transferase.

 

 

A P P E N D I C E S

Appendix 1. Search strategy for CENTRAL

1. For Hepatic late adverse e�ects the following text words were used:

(liver fibrosis OR liver cirrhosis OR liver disease OR liver diseases OR liver diseas* OR liver dysfunction OR liver dysfunctions OR liver
damage OR liver failure OR liver enzyme OR liver enzymes OR liver enzym* OR liver toxicity OR liver disfunction OR radiation-induced
liver disease OR radiation induced liver disease OR RILD OR liver function test OR liver function tests OR liver insu,iciency OR Hepatic
Cirrhosis OR hepatic dysfunction OR hepatic dysfunctions OR hepatic cirrhosis OR hepatic failure OR hepatic function OR liver function OR
radiation hepatitis OR hepatitis irradiation OR impaired liver function OR hepatic fibrosis OR hepatic fibroses OR drug induced hepatitis OR
toxic hepatitis OR hepatitides OR ASAT OR ALAT OR SGPT OR SGOT OR GGT OR alanine transaminase Glutamic-Alanine Transaminase OR
Glutamic Alanine Transaminase OR Alanine-2-Oxoglutarate OR Aminotransferase OR Alanine 2 Oxoglutarate Aminotransferase OR Alanine
Aminotransferase OR Glutamic-Pyruvic Transaminase OR Glutamic Pyruvic Transaminase OR gamma Glutamyltransferase OR Glutamyl
Transpeptidase OR GGTP OR gamma-Glutamyl Transpeptidase OR gamma Glutamyl Transpeptidase OR gammaglutamyltransferase OR
Aspartate Aminotransferases OR Aspartate Apoaminotransferase OR Aspartate Transaminase OR Glutamic-Oxaloacetic Transaminase OR
Glutamic Oxaloacetic Transaminase OR L-Aspartate-2-Oxoglutarate Aminotransferase OR L Aspartate 2 Oxoglutarate Aminotransferase
OR Aspartate Aminotransferase OR Glutamate-Aspartate Transaminase OR Glutamate Aspartate Transaminase OR Serum Glutamic-
Oxaloacetic Transaminase OR Serum Glutamic Oxaloacetic Transaminase OR hepatotoxicity OR hepatotoxic OR hepatotoxic* OR Veno-
occlusive disease OR VOD OR Veno occlusive disease OR hepatic veno-occlusive disease OR Hepatic Veno-Occlusive Diseases OR Sinusoidal
Obstruction Syndrome OR Hepatic Veno Occlusive Disease OR iron overload OR hemosiderosis OR siderosis OR heamosiderosis OR
haemosiderosis OR Hemosideroses OR bilirubin OR bilirubins OR bilirubin* OR Bilirubin IX alpha OR Hematoidin OR Disodium Salt Bilirubin
OR Monosodium Salt Bilirubin OR delta-Bilirubin OR delta Bilirubin OR Calcium Salt Bilirubin OR Calcium Bilirubinate OR albumin OR
albumins OR albumin* OR prothrombin OR prothrombins OR prothrombin* OR Factor II OR Blood Coagulation Factor II OR Di,erentiation
Reversal Factor OR Coagulation Factor II OR Alkaline phosphatase)

2. For Survivors the following text words were used:

(Survivor OR survivors OR Long-Term Survivors OR Long Term Survivors OR Long-Term Survivor OR survivo* OR surviving)

3. For Childhood cancer the following text words were used:
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(leukemia OR leukemi* OR leukaemi* OR childhood ALL OR AML OR lymphoma OR lymphom* OR hodgkin OR hodgkin* OR T-cell OR B-cell
OR non-hodgkin OR sarcoma OR sarcom* OR Ewing* OR osteosarcoma OR osteosarcom* OR wilms tumor OR wilms* OR nephroblastom* OR
neuroblastoma OR neuroblastom* OR rhabdomyosarcoma OR rhabdomyosarcom* OR teratoma OR teratom* OR hepatoma OR hepatom*
OR hepatoblastoma OR hepatoblastom* OR PNET OR medulloblastoma OR medulloblastom* OR PNET* OR neuroectodermal tumors,
primitive OR retinoblastoma OR retinoblastom* OR meningioma OR meningiom* OR glioma OR gliom* OR pediatric oncology OR paediatric
oncology OR childhood cancer OR childhood tumor OR childhood tumors OR brain tumor* OR brain tumour* OR brain neoplasms OR
central nervous system neoplasm OR central nervous system neoplasms OR central nervous system tumor* OR central nervous system
tumour* OR brain cancer* OR brain neoplasm* OR intracranial neoplasm OR acute lymphocytic leukemia)

The di,erent searches were combined as 1 AND 2 AND 3.

The search was performed in title, abstract or keywords.

[* =zero or more characters]

Appendix 2. Search strategy for MEDLINE (PubMed)

1. For hepatic late adverse e�ects the following MeSH headings and text words were used:

(liver fibrosis) OR (liver cirrhosis) OR (liver disease OR liver diseases OR liver diseas*) OR (liver dysfunction OR liver dysfunctions) OR (liver
damage) OR (liver failure) OR (liver enzyme[all fields] OR liver enzymes[all fields] OR (liver enzym*) OR (liver toxicity) OR (liver disfunction)
OR (radiation-induced liver disease OR radiation induced liver disease OR RILD) OR (liver function test OR liver function tests) OR (liver
insu,iciency) OR (Hepatic Cirrhosis OR Cirrhoses, Hepatic OR Cirrhosis, Hepatic OR Hepatic Cirrhoses OR Cirrhosis, Liver OR Cirrhoses,
Liver OR Liver Cirrhoses OR Fibrosis, Liver OR Fibroses, Liver OR Liver Fibroses) OR (Disease, Liver OR Diseases, Liver OR Dysfunction,
Liver OR Dysfunctions, Liver OR Liver Dysfunctions) OR (Function Test, Liver OR Function Tests, Liver OR Liver Function Test OR Test,
Liver Function OR Tests, Liver Function) OR (Insu,iciency, Hepatic OR Liver Insu,iciency OR Insu,iciency, Liver) OR (hepatic dysfunction)
OR (hepatic dysfunctions) OR (hepatic cirrhosis) OR (hepatic failure) OR (hepatic function[all fields]) OR (liver function[all fields]) OR
(radiation hepatitis) OR (hepatitis irradiation) OR (impaired liver function) OR (hepatic fibrosis OR hepatic fibroses) OR (drug induced
hepatitis) OR (toxic hepatitis) OR (hepatitides) OR (ASAT OR ALAT OR SGPT OR SGOT OR GGT) OR (alanine transaminase OR Transaminase,
Alanine OR Glutamic-Alanine Transaminase OR Glutamic Alanine Transaminase OR Transaminase, Glutamic-Alanine OR Alanine-2-
Oxoglutarate OR Aminotransferase OR Alanine 2 Oxoglutarate Aminotransferase OR Aminotransferase, Alanine-2-Oxoglutarate OR Alanine
Aminotransferase OR Aminotransferase, Alanine OR Glutamic-Pyruvic Transaminase OR Glutamic Pyruvic Transaminase OR Transaminase,
Glutamic-Pyruvic) OR (gamma Glutamyltransferase OR Glutamyl Transpeptidase OR Transpeptidase, Glutamyl OR GGTP OR gamma-
Glutamyl Transpeptidase OR Transpeptidase, gamma-Glutamyl OR gamma Glutamyl Transpeptidase OR gammaglutamyltransferase) OR
(Aspartate Aminotransferases OR Aminotransferases, Aspartate OR Aspartate Apoaminotransferase OR Apoaminotransferase, Aspartate OR
Aspartate Transaminase OR Transaminase, Aspartate OR Glutamic-Oxaloacetic Transaminase OR Glutamic Oxaloacetic Transaminase OR
Transaminase, Glutamic-Oxaloacetic OR L-Aspartate-2-Oxoglutarate Aminotransferase OR Aminotransferase, L-Aspartate-2-Oxoglutarate
OR L Aspartate 2 Oxoglutarate Aminotransferase OR Aspartate Aminotransferase OR Aminotransferase, Aspartate OR Glutamate-
Aspartate Transaminase OR Glutamate Aspartate Transaminase OR Transaminase, Glutamate-Aspartate OR Serum Glutamic-Oxaloacetic
Transaminase OR Glutamic-Oxaloacetic Transaminase, Serum OR Serum Glutamic Oxaloacetic Transaminase OR Transaminase, Serum
Glutamic-Oxaloacetic) OR (hepatotoxicity OR hepatotoxic OR hepatotoxic*) OR (Veno-occlusive disease OR VOD) OR (Veno occlusive
disease) OR (hepatic veno-occlusive disease OR Disease, Hepatic Veno-Occlusive OR Hepatic Veno-Occlusive Diseases OR Sinusoidal
Obstruction Syndrome OR Syndrome, Sinusoidal Obstruction OR Hepatic Veno Occlusive Disease OR Veno-Occlusive Disease, Hepatic
OR Veno Occlusive Disease, Hepatic) OR (iron overload OR hemosiderosis OR siderosis OR heamosiderosis OR haemosiderosis) OR
(Hemosideroses OR Overload, Iron) OR (bilirubin OR bilirubins OR bilirubin* OR Bilirubin IX alpha OR Bilirubin, (4E)-Isomer OR Bilirubin,
(4E,15E)-Isomer OR Hematoidin OR Bilirubin, Disodium Salt OR Disodium Salt Bilirubin OR Bilirubin, Monosodium Salt OR Monosodium
Salt Bilirubin OR delta-Bilirubin OR delta Bilirubin OR Bilirubin, (15E)-Isomer OR Bilirubin, Calcium Salt OR Calcium Salt Bilirubin OR
Salt Bilirubin, Calcium OR Calcium Bilirubinate OR Bilirubinate, Calcium) OR (albumin OR albumins OR albumin*) OR (prothrombin OR
prothrombins OR prothrombin*) OR (Factor II OR Blood Coagulation Factor II OR Di,erentiation Reversal Factor OR Factor, Di,erentiation
Reversal OR Coagulation Factor II OR Factor II, Coagulation OR II, Coagulation Factor) OR (Alkaline phosphatase)

2. For survivors the following MeSH headings and text words were used:

Survivor OR survivors OR Long-Term Survivors OR Long Term Survivors OR Long-Term Survivor OR Survivor, Long-Term OR Survivors, Long-
Term OR survivo* OR surviving

3. For childhood cancer the following MeSH headings and text words were used:

(((leukemia OR leukemi* OR leukaemi* OR (childhood ALL) OR AML OR lymphoma OR lymphom* OR hodgkin OR hodgkin* OR T-cell OR
B-cell OR non-hodgkin OR sarcoma OR sarcom* OR sarcoma, Ewing's OR Ewing* OR osteosarcoma OR osteosarcom* OR wilms tumor
OR wilms* OR nephroblastom* OR neuroblastoma OR neuroblastom* OR rhabdomyosarcoma OR rhabdomyosarcom* OR teratoma OR
teratom* OR hepatoma OR hepatom* OR hepatoblastoma OR hepatoblastom* OR PNET OR medulloblastoma OR medulloblastom* OR
PNET* OR neuroectodermal tumors, primitive OR retinoblastoma OR retinoblastom* OR meningioma OR meningiom* OR glioma OR
gliom*) OR (pediatric oncology OR paediatric oncology)) OR (childhood cancer OR childhood tumor OR childhood tumors)) OR (brain
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tumor* OR brain tumour* OR brain neoplasms OR central nervous system neoplasm OR central nervous system neoplasms OR central
nervous system tumor* OR central nervous system tumour* OR brain cancer* OR brain neoplasm* OR intracranial neoplasm*) OR (leukemia
lymphocytic acute) OR (leukemia, lymphocytic, acute[mh])

The di,erent searches were combined as 1 AND 2 AND 3.

[* = zero or more characters; mh = MeSH term]

Appendix 3. Search strategy for Embase (Ovid)

1. For Hepatic late adverse e�ects the following Emtree terms and text words were used:

1. liver fibrosis.mp. or exp Liver Fibrosis/
2. (liver disease or liver diseases or liver diseas$).mp. or exp Liver Disease/
3. (liver dysfunction or liver dysfunctions or liver disfunction).mp. or exp Liver Dysfunction/
4. (hepatic dysfunction or hepatic dysfunctions or hepatic dysfunction$).mp.
5. (liver cirrhosis or liver cirrhoses).mp. or exp Liver Cirrhosis/
6. (hepatic cirrhosis or hepatic cirrhoses).mp.
7. (liver fibroses or hepatic fibrosis or hepatic fibroses).mp.
8. (liver damage or liver insu,iciency or impaired liver function or hepatic insu,iciency).mp.
9. exp Radiation Injury/ or (radiation induced liver disease or radiation-induced liver disease or RILD).mp.
10. (radiation hepatitis or hepatitis irradiation).mp.
11. drug induced hepatitis.mp. or exp Toxic Hepatitis/ or toxic hepatitis.mp. or hepatitides.mp.
12. liver failure.mp. or exp Liver Failure/
13. hepatic failure.mp.
14. liver enzyme.mp. or exp Liver Enzyme/
15. (liver enzymes or liver enzym$).mp.
16. hepatic function.mp. or exp Liver Function/
17. (liver function test or liver function tests.mp. or exp Liver Function Test/
18. liver toxicity.mp. or exp Liver Toxicity/
19. (hepatotoxicity or hepatotoxic or hepatotoxic$).mp.
20. (ASAT or ALAT or SGPT or SGOT or GGT).mp.
21. (Glutamic-Alanine Transaminase or Glutamic Alanine Transaminase).mp.
22. gamma Glutamyltransferase.mp. or exp Gamma Glutamyltransferase/
23. (Glutamyl Transpeptidase or GGTP or gamma-Glutamyl Transpeptidase or gamma Glutamyl Transpeptidase or
gammaglutamyltransferase).mp.
24. (Alanine-2-Oxoglutarate or alanine transaminase).mp. or exp Alanine Aminotransferase/
25. (aspartate aminotransferases or aspartate aminotransferase).mp. or exp aspartate aminotransferase/
26. (aspartate apoaminotransferase or aspartate transaminase or glutamic-oxaloacetic transaminase or glutamic oxaloacetic
transaminase or L-aspartate-2-oxoglutarate aminotransferase or L aspartate 2 oxoglutarate aminotransferase or glutamate-aspartate
transaminase or glutamate aspartate transaminase).mp.
27. (Aminotransferase or Alanine 2 Oxoglutarate Aminotransferase).mp.
28. (alanine aminotransferase or serum glutamic-oxaloacetic transaminase or serum glutamic oxaloacetic transaminase).mp. or exp
Aspartate Aminotransferase Blood Level/
29. (Glutamic-Pyruvic Transaminase or Glutamic Pyruvic Transaminase).mp.
30. (veno-occlusive disease or veno occlusive disease).mp. or exp vein occlusion/
31. (VOD or hepatic veno-occlusive disease or hepatic veno-occlusive diseases or hepatic venoocclusive disease).mp. or exp Liver Vein
Obstruction/
32. sinusoidal obstruction syndrome.mp.
33. Iron overload.mp. or exp Iron Overload/
34. (hemosiderosis or siderosis or heamosiderosis or haemosiderosis or hemosideroses).mp. or exp Liver Hemosiderosis/ or exp siderosis/
35. (bilirubin or bilirubins or bilirubin$ or bilirubin IX alpha or hematoidin or disodium salt bilirubin or monosodium salt bilirubin or delta-
bilirubin or delta bilirubin or calcium salt bilirubin or calcium bilirubinate).mp. or exp Bilirubin/
36. (albumin or albumins or albumin$).mp. or exp Albumin/
37. exp Prothrombin/ or (prothrombin or prothrombins or prothrombin$ or factor II or blood coagulation factor II or di,erentiation reversal
factor or coagulation factor II).mp.
38. Alkaline phosphatase.mp. or exp Alkaline Phosphatase/
39. or/1-38

2. ForSurvivors the following Emtree terms and text words were used:

1. (survivor or survivors or (long adj term survivor) or (long adj term survivors) or survivo$).mp.
2. survivor/ or cancer survivor/

Hepatic late adverse e�ects a�er antineoplastic treatment for childhood cancer (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

98



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

3. surviving.mp.
4. 1 or 2 or 3

3. For Childhood cancer the following Emtree terms and text words were used:

1. (leukemia or leukemi$ or leukaemi$ or (childhood adj ALL) or acute lymphocytic leukemia).mp.
2. (AML or lymphoma or lymphom$ or hodgkin or hodgkin$ or T-cell or B-cell or non-hodgkin).mp.
3. (sarcoma or sarcom$ or Ewing$ or osteosarcoma or osteosarcom$ or wilms tumor or wilms$).mp.
4. (nephroblastom$ or neuroblastoma or neuroblastom$ or rhabdomyosarcoma or rhabdomyosarcom$ or teratoma or teratom$ or
hepatoma or hepatom$ or hepatoblastoma or hepatoblastom$).mp.
5. (PNET or medulloblastoma or medulloblastom$ or PNET$ or neuroectodermal tumors or primitive neuroectodermal tumor$ or
retinoblastoma or retinoblastom$ or meningioma or meningiom$ or glioma or gliom$).mp.
6. (pediatric oncology or paediatric oncology).mp.
7. ((childhood adj cancer) or (childhood adj tumor) or (childhood adj tumors) or childhood malignancy or (childhood adj malignancies)
or childhood neoplasm$).mp.
8. ((pediatric adj malignancy) or (pediatric adj malignancies) or (paediatric adj malignancy) or (paediatric adj malignancies)).mp.
9. ((brain adj tumor$) or (brain adj tumour$) or (brain adj neoplasms) or (brain adj cancer$) or brain neoplasm$).mp.
10. (central nervous system tumor$ or central nervous system neoplasm or central nervous system neoplasms or central nervous system
tumour$).mp.
11. intracranial neoplasm$.mp.
12. LEUKEMIA/ or LYMPHOMA/ or brain tumor/ or central nervous system tumor/ or teratoma/ or sarcoma/ or osteosarcoma/
13. nephroblastoma/ or neuroblastoma/ or rhabdomyosarcoma/ or hepatoblastoma/ or medulloblastoma/ or neuroectodermal tumor/
or retinoblastoma/ or meningioma/ or glioma/ or childhood cancer/
14. or/1-13

The di,erent searches were combined as 1 AND 2 AND 3.

[mp=title, abstract, subject headings, heading word, drug trade name, original title, device manufacturer, drug manufacturer name; / =
Emtree term; $ = zero or more characters]

Appendix 4. Search strategy for conference proceedings SIOP and ASPHO

The following text words were used:

• hepatic

• liver

• hepatitis

• cirrhoses

• fibrosis

• transaminase

• sinusoidal obstruction syndrome

• veno-occlusive disease

W H A T ' S   N E W

 

Date Event Description

10 October 2019 Amended Contact details updated.

 

H I S T O R Y

Protocol first published: Issue 1, 2010
Review first published: Issue 7, 2011

 

Date Event Description

16 April 2019 Amended Contact details updated.
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Date Event Description

1 September 2018 New citation required and conclusions
have changed

Thirteen new studies were included in the update. The conclu-
sions of the review changed accordingly.

Eight studies defined hepatic late adverse effects as ALT above
the upper limit of normal with prevalences ranging from 5.8%
to 52.8%. One study investigated biliary tract injury defined as
γGT above the upper limit of normal and reported a prevalence
of 5.3%. Three studies investigated disturbance in biliary func-
tion defined as bilirubin above the upper limit of normal and re-
ported prevalences ranging from 1.0% to 8.7%. Evidence sug-
gests that radiotherapy involving the liver, higher BMI, chronic vi-
ral hepatitis and longer follow-up time or older age at follow-up
increase the risk of hepatic late adverse effects. In addition, there
may be a suggestion that busulfan, thioguanine, hepatic surgery,
higher alcohol intake (>14 units per week), metabolic syndrome,
use of statins and non-Hispanic white ethnicity and older age at
cancer diagnosis increase the risk of hepatic late adverse effects.

9 January 2018 New search has been performed The search for eligible studies was updated to January 2018.
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Renée Mulder designed the study and wrote the protocol. She identified the studies meeting the inclusion criteria (both by initial screening
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the included studies for both the initial review and the update; analysed the data and interpreted the results. She wrote and revised the
manuscript.

Dorine Bresters critically reviewed the protocol. She identified studies meeting the inclusion criteria; checked the data extraction and
performed the 'risk of bias' assessment of the included studies for the update of the review. She critically reviewed the manuscript.

Malon Van den Hof performed the data extraction and the 'risk of bias' assessment of the included studies of the initial review. She analysed
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the manuscript.

Aleida Postma critically reviewed the protocol. She identified studies meeting the inclusion criteria of the initial review. She critically
reviewed the manuscript.

László Szőnyi identified studies meeting the inclusion criteria for the update of the review; checked the data extraction, and performed
the 'risk of bias' assessment of the included studies for the update of the review. He critically reviewed the manuscript.

Gill Levitt identified studies meeting the inclusion criteria for the update of the review; checked the data extraction and performed the 'risk
of bias' assessment of the included studies for the update of the review. She critically reviewed the manuscript.

Edit Bardi identified studies meeting the inclusion criteria for the update of the review; checked the data extraction and performed the
'risk of bias' assessment of the included studies for the update of the review. She critically reviewed the manuscript.

Roderick Skinner identified studies meeting the inclusion criteria for the update of the review and contributed to the interpretation of the
results. He critically reviewed the manuscript.

Elvira van Dalen designed the study and critically reviewed the protocol. She identified studies meeting the inclusion criteria; performed
third party arbitration, and contributed to the interpretation of the results. She critically reviewed the manuscript.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

We changed the title of this systematic review. The title of the protocol was 'Hepatic late adverse e,ects a-er treatment for childhood
cancer'. The new title is 'Hepatic late adverse e,ects a-er antineoplastic treatment for childhood cancer'.

In the protocol, it was stated that all study designs, except case reports and case series, examining the e,ect of treatment for childhood
cancer on hepatic late adverse e,ects would be included. However, we also excluded studies including fewer than 10 participants.

In addition, in the protocol, it was stated that studies with a maximum follow-up of one year or less would be excluded and if no follow-
up time a-er the end of treatment was stated, more than 90% of the study group should have been o, treatment. However, we decided
to only include studies in which more than 50% of the study group was o, treatment for at least one year to ensure that we would analyse
late adverse e,ects and not acute toxicity.

Also, we adapted the 'risk of bias' assessment criteria for an adequate follow-up and a well-defined outcome. The definition of a low risk of
follow-up bias was as follows: if the outcome was assessed at the end date of the study for 60% to 90% of the study group or if the outcome
was assessed for more than 90% of the study group, but with an unknown end date. Since there is not a straightforward definition for the
end date of the study, we decided to change this 'risk of bias' item. The new definition of a low risk of follow-up bias is as follows: if the
outcome was assessed for more than 90% of the study group of interest (++) or if the outcome was assessed for 60% to 90% of the study
group of interest (+). In the protocol, we had not yet specified the definition of a well-defined outcome. The definition is as follows: if the
outcome definition was objective and precise, that is, if the upper limits of normal for liver function tests were described in the definition
of hepatic late adverse e,ects.

For the update of this review, we have interpreted detection bias di,erently. The outcome measurement, biochemically measured liver
enzymes, is not likely to be influenced by a lack of blinding. In the cases that blinding was not reported and biochemically measured liver
enzymes were the only outcomes in the studies, we assessed this as low risk of detection bias.

For the update of this review, we have also scanned the conference proceedings of the American Society of Pediatric Hematology/Oncology
(ASPHO) (from 2013 to 2018) electronically.

In the protocol, it was stated that we planned to conduct a multivariable linear meta-regression analysis to examine the relationship
between potential predictive factors and hepatic late adverse e,ects. Because studies lacked important data on potential predictive factors
(that is, treatment characteristics, age at diagnosis, age at treatment), we were not able to perform this analysis.

A-er the publication of the first version of this review, Cochrane Childhood Cancer changed its policy regarding the calculation of
prevalence and the corresponding 95% confidence intervals. Therefore, instead of using the generic inverse variance function of Review
Manager 5 to calculate the 95% confidence intervals, we were advised to use the Wilson method. As this was not possible in Review Manager

5, we used the following tool: http://epitools.ausvet.com.au/content.php?page=CIProportion. As it was not possible to calculate the I2

statistic, this had to be omitted from the heterogeneity assessment of included studies. In the protocol, it was stated that we would use
the statistical so-ware Comprehensive Meta Analysis, but this was no longer necessary.

FInally, in the update of this review, the data extraction was not performed by two independent reviewers, but performed by one reviewer
and checked by another reviewer.
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I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Chemical and Drug Induced Liver Injury;  Alanine Transaminase  [metabolism];  Antineoplastic Agents  [*adverse e,ects]  [therapeutic
use];  Liver Diseases;  Neoplasms  [*drug therapy]  [*radiotherapy];  Radiotherapy  [*adverse e,ects];  gamma-Glutamyltransferase
 [metabolism]

MeSH check words

Adolescent; Child; Child, Preschool; Humans; Infant
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